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PREFACE 


This manual provides tutorial and reference information on the Signetics 
INSTRUCTOR 50—a complete, fully assembled and low cost microcomputer system. 
The INSTRUCTOR 50 *s computing power is enhanced by the Signetics 2650 
microprocessor which is described in detail in Chapter 9. 

INSTRUCTOR 50 is designed to assist you in learning programming and in 
writing, debugging, and testing the programs you develop. There is enough 
information here to get you started, whether or not you have ever written a 
program before. The only prerequisite is a familiarity with the 2650 
microprocessor. Readers who are not familiar with the 2650*s hardware 
structure and instruction set should read Chapter 9 prior to using the 
INSTRUCTOR 50. 

The microprocessor has brought with it a host of terms which experienced users 
bandy back and forth with the greatest of ease. For the novice, this 
"language within a language" can be an obstacle of no small proportions. For 
the benefit of these people. Chapter 1 is devoted exclusively to microcomputer 
basics. To further assist you, we*ve put a glossary in the back to summarize 
some of the more frequently used buzz words. 
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1. MICROCOMPUTER BASICS 


This chapter introduces certain basic computer concepts. It provides back^ 
ground information and definitions which will be useful in later chapters of 
this manual. Those already familiar with computers may skip this material* tiv 

Before we begin, note that we are using two words: microprocessor and midro^ - 
computer . The microprocessor is a device which performs arithmetic, control, 
and logical operations. The microcomputer, in turn, is a collection of c da?- 
vices that includes a microprocessor, memory, and associated interface cir¬ 
cuits to communicate with the "outside** world. Because it has its own micro¬ 
processor (the Signetics 2650), memory, latches, counters, buffers, power supr?T 
ply, an operator keyboard and display panel, and a cassette input/output in^ 
terface, the INSTRUCTOR 50 is a complete and fully operational microcomputer 
system housed in one single package. to ^ 


A MICRO DEFINED 

Since the microprocessor is a miniaturized, coventional digital computer in 
integrated circuit (IC) form, a good place to start is with computers. Simply 
put, A computer is a device capable of automatically carrying out a sequence 
of operations on data expressed in descrete (digital) or continuous (analog) 
form. Its purpose is to solve a problem or class of problems; it may be p?ne: 
of control, analysis, or a combination of the two. In digital computers, num¬ 
bers are represented by the presence of voltage levels or pulses on given 
lines. A single line defines one bit. A bit is the smallest unit of informa¬ 
tion in a binary system of notation. It is the choice between two possible 
states, usually designated one (1) and zero (0). A group of lines considered 
together is called a **word**; a word may represent a computational quantity 
(operand) or it may be an instruction specifying how the machine is to operate 
on computational quantities. 


Word/Byte/Nibble 

These terms are often misused in describing microprocessor data. Fpr a spe'^ 
cific microprocessor, a word is the number of bits associated with the in-- 
struction or data length. This can be 4, 8, 16 bits, etc., depending on th^^ 
machine. A byte commonly refers to an 8-bit word; a byte can be manipulated 
by a 4, 8, or 16-bit microprocessor. For example, instructions arp often pror 
vided to deal with byte data in 4 or 16-bit processors* This is called byte 
handling, and is independent of the natural word size of the mchin^p ^, 

A nibble is 4 bits, and it is rather humorous to consider that it takes two 
nibbles to make a byte. Nibble (or 4 bit) control can he found on ^ 
word machines as well as on some 16-bit machines. Four-bit operations are 
usually associated with Hexadecimal (Hex) or Binary Coded Decimal (BCD) opera¬ 
tions. Applications that have a man/machine interface, such as a Gontrql key¬ 
board or a numeric display, are good candidates for nibble control. 




Binary Notation 

One of the problems in communicating with a computer is language. How does an 
electronic instrument handle and manipulate numbers? The answer is suggested 
by the nature of all electrical devices: a light bulb is either on or off, a 
switch is either open or closed, a magnet has a field in one direction or the 
opposite. For the purpose of understanding computer language, one can think of 
the ”on** condition as being equal to 1 and the "off” state as 0. So the com¬ 
puter, which is made up of literally millions of electronic components, has 
two numbers it can work with. These numbers, 1 and 0, form all the elements 
needed in the binary system of notation. 

In our more familiar decimal system, the right-hand column of a figure counts 
numbers up to 9; the column to the left of that registers the number of 10s; 
the column next to the left registers hundreds—then thousands, millions, and 
so on. In binary notation, the columns starting at the right register powers 
of 2 instead of 10. Take the binary number 10110, with successive powers of 2 
noted above each column: 

16 8 4 2 1 
10 110 

Adding together the powers of 2 turned ”on” in this binary number—16, 4 and 
2-*^fe nririve at its decimal equivalent—22. The first eight decimal numbers 
translated into the binary system look like this: 


1 

1 

5 = 

101 

2 

10 

6 

110 

3 

11 

7 

111 

4 = 

100 

8 

1000 


Hexadecimal Notation 

To deal with large binary numbers, certain simplifications are extremely help¬ 
ful. To this end, hexadecimal notation is often used. The term "hexa¬ 
decimal", or hex for short, refers to a shorthand method of expressing a group 
of four consecutive binary bits by a single digit. Valid digits range from 0 
through F, where F represents the highest decimal value (15). See Table 1.1. 

Two hexadecimal digits can be used to specify a byte. Hexadecimal notation is 
very convenient for microprocessors since it gives good counting densities and 
works very well with the multiples-of-four binary words usually encountered in 
a microprocessor. 

To understand hex notation, take a decimal number like 107In binary no¬ 
tation, this becomes 110101I 2 . Breaking this number into 4-bit nibbles 
(half-bytes), you get OIIO 2 10112 * first and most-significant 
nibble is equal to 6|^g, while the second and least-significant nibble is 
equal to Big. Thu^ hexadecimal notation, 107jo becomes 6 B 16 . One 
way to distinguish hexadecimal numbers from numbers written in other number 
systems (e.g., decimal, octal, etc.) is to enclose the hex number in single 
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Decimal 

Hexadecimal 

Binary 

0 

0 

0000 

1 

1 

0001 

2 

2 

0010 

3 

3 

0011 

4 

4 

0100 

5 

5 

0101 

6 

6 

0110 

7 

7 

0111 

8 

8 

1000 

9 

9 

1001 

10 

A 

1010 

11 

B 

1011 

12 

C 

1100 

13 

D 

1101 

14 

E 

1110 

15 

F 

nil 


Table 1.1: Relationship among decimal^ hexadecimal, 
and binary systems. 


quotation marks and precede it by the letter H. Hence, in hex notation 6Bi6 
would appear as H*6B*. To convert from decimal to hexadecimal, or vice versa, 
you must first convert the number into binary and then into hexadecimal as 
previously illustrated. 

The INSTRUCTOR 50 uses the hexadecimal number system for entering values. 
Since the INSTRUCTOR 50 uses 8-bit bytes, two hexadecimal digits can be used 
to specify a byte. The smallest hexadecimal number is H*00* (OOOOOOOO 2 ) and 
the largest is H*FF' (IIIIIIII 2 ). The INSTRUCTOR 50 still reads only binary 
numbers; hexadecimal is the user's shorthand, not the microcomputers. 


Architecture 

A microcomputer looks, architecturally, like any other computer (Figure 1.1). 
What distinguishes a micro from other computers is the intrinsic power inside 
each of the five functional boxes. What large-scale computers used to do, 
minis now handle. Similarly, micros have begun to supplant minicomputers in 
many applications. Advances in semiconductor technology have made this possi¬ 
ble. 

The four basic elements of all programmable computers emerge: 

• Memory — A storage unit. In modern computers, memories are implemented 
with semiconductor or magnetic core systems. Memories can be read only (ROM), 
for program or data constant storage, or read/write random access (RAM) for 
program, operand or temporary storage. Data is usually stored in binary nota¬ 
tion. The memory is composed of storage space for a large number of words, 
with each storage space identified by a unique address. The word stored at a 
given address might be either computational data (operands) or an instruction 
(such as add, read from memory, etc.). 
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• Arlthmetie & Logic Unit (ALU) — Performs the arithmetic and/or logical 
operations on operands or provides partial results within the computer. The 
simplest ALU consists of a parallel adder and an accumulator. The adder adds 
(or performs similar logical operations, e.g., OR) two inputs, A and B, and 
produces the output. The accumulator holds intermediate results of a computa¬ 
tion or numbers for a pending computation. The accumulator serves as a tem¬ 
porary storage device. 

• Uot)itrol unit — Referred to as the brain of any computer because it coor¬ 
dinates all units of the computer in a timed, logical sequence. Hie control 
unit generates clock pulses to control and maintain the proper sequence of 
operations within the microprocessor. It also responds to external signals 
such as an interrupt request. In fixed-instruction computers, this unit re¬ 
ceives instructions from the program memory. These instructions are in se¬ 
quences, called programs. The control unit is closely synchronized to the 
memory cycle speed, and the execution time of each fixed instruction is often 
a multiple of the memory speed. 

• Input/Output — The means by which the computer communicates with a wide 
variety of devices, referred to as peripherals. They include audio cassette 
recorders, switches, indicator lamps, teletypewriters, CRT terminals, paper 
tape units, line printers, A/D or D/A converters, card readers and punches, 
communication modems, etc. The I/O lines can be connected to intermediate 
storage devices for use with mass memories, including magnetic discs and 
large-scale RAM systems. 


Program Counter (Jumps, Subroutines, and the Stack) 

The instructions that make up a program are stored in the system's memory. 
The central processor references the contents of memory in order to determine 
what action is appropriate. This means that the processor must know which lo¬ 
cation contains the next instruction. 

Each of the locations in memory is numbered to distinguish it from all other 
locations in memory. The number which identifies a memory location is called 
its Address. 



Figure 1.1 






The processor maintains a counter which contains the address of the next pro¬ 
gram instruction. This is called a Program Counter (PC) . The processor up¬ 
dates the program counter by adding to the counter each time it fetches an in¬ 
struction, so that the program counter is always current (pointing to the next 
instruction). If an instruction takes several words in memory, the PC is in¬ 
cremented by the proper number so that it is always pointing to the first word 
of the next instruction. 

The programmer therefore stores his instructions in numerically adjacent ad¬ 
dresses, so that the lower addresses contain the first instructions to be ex¬ 
ecuted and the higher addresses contain later instructions. The only time the 
programmer may violate this sequential rule is when an instruction in one sec¬ 
tion of memory is a jump instruction to another section of memory. 

A jump instruction contains the address of the instruction which is to follow 
it. The next instruction may be stored in any memory location, as long as the 
programmed jump specifies the correct address. During execution of a jump in¬ 
struction, the processor replaces the contents of its program counter with the 
address embodied in the jump. Thus, the logical continuity of the program is 
maintained, 

A special kind of program jump occurs when the stored program calls a sub¬ 
routine. In this kind of jump, the processor is required to "remember” the 
contents of the program counter at the time that the jump occurs. This en¬ 
ables the processor to resume execution of the main program when it is finish¬ 
ed with the last instruction of the subroutine. 

^ subroutine is a program within a program. Usually it is a general-purpose 
set of instructions that must be executed repeatedly in the course of a main 
program. Routines which calculate the square, the sine, or the logarithm of a 
program variable are good examples of functions often written as subroutines. 
Other examples might be programs designed for inputting or outputting data to 
a particular peripheral device. 

The processor has a special way of handling subroutines, in order to insure an 
orderly return to the main program. When the processor receives a call in¬ 
struction, it increments the Program Counter and stores the counter's contents 
in a reserved memory area known as the stack . The stack thus saves the ad¬ 
dress of the instruction to be executed after the subroutine is completed. 
Then the processor loads the address specified in the call into its Program 
Counter, The next instruction fetched will therefore be the first step of the 
subroutine. 

The last instruction in any subroutine is a return . Such an instruction need 
specify no address. When the processor fetches a return instruction, it sim¬ 
ply replaces the current contents of the Program Counter with the address on 
the top of the stack. This causes the processor to resume execution of the 
calling program at the point immediately following the original call instruc¬ 
tion. 


Subroutines are often nested ; that is, one subroutine will sometimes call a 
second subroutine. The second may call a third, and so on. This is perfectly 
acceptable, as long as the processor has enough stack capacity to store the 
necessary return addresses, and the logical provision for doing so. In other 
words, the maximum depth of nesting is determined by the depth of the stack 
itself. If the stack has space for storing three return addresses, then three 
levels of subroutines may be accommodated. 
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Processors have different ways of maintaining stacks. For example, some, like 
the Signetics 2650, have facilities for the storage and return addresses built 
into the processor itself. Other processors use a reserved area of external 
memory as the stack and simply maintain a pointer register which contains the 
address of the most recent stack entry. The external stack allows virtually 
unlimited subroutine nesting. 


Instruction Register and Decoder 

Each operation that the processor can perform is identified by a unique byte 
of data known as an Instruction Code or Operation Code . An eight-bit word 
used as an instruction code can distinguish between 256 alternative actions, 
more that adequate for most processors. 

The processor fetches an instruction in two distinct operations. First, the 
processor transmits the address in its Program Counter to the memory. Then 
the memory returns tha addressed byte to the processor. The CPU stores this 
instruction byte in a register known as the Instruction Register , and uses it 
to direct activities during the remainder of the instruction execution. 

An eight-bit instruction code is often sufficient to specify a particular pro¬ 
cessing action. There are times, however, when execution of the instruction 
requires more information than eight bits can convey. 

One example of this is when the instruction references a memory location. The 
basic instruction code identifies the operation to be performed, but cannot 
specify the operand address as well. In a case like this, a twoor three-byte 
instruction must be used. Successive instruction bytes are stored in se¬ 
quentially adjacent memory locations, and the processor performs two or three 
fetches in succession to obtain the full instruction. The first byte retriev¬ 
ed from memory is placed in the processor's instruction register, and subse¬ 
quent bytes are placed in temporary storage; the processor then proceeds with 
the execution phase. Such an instruction is referred to as variable length . 


Address Register(s) 

A CPU may use a register pair to hold the address of a memory location that is 
to be accessed for data. If the address register is programmable (i.e., if 
there are instructions that allow the programmer to alter the contents of the 
register), the program can "build” an address in the address register prior to 
executing a memory reference instruction (i.e., an instruction that reads data 
from memory, writes data to memory or operates on data stored in memory). 


Addressing Modes 

An instruction word must convey the operation to be performed (operation code) 
and the address of the memory location or registers containing the data on 
which the operation is to be performed (operand). An n-bit instruction may be 
divided into three basic parts: 1) an operations code, 2) an address mode, 
and 3) an operand address. The number of bits in each of these parts varies 
from microprocessor to microprocessor. 
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The instruction length depends on the machine and the operation being perform¬ 
ed. An 8-bit instruction format would allow only 2^ = 256 possible combina¬ 

tions of operations and addresses. This is obviously inadequate if a reasona¬ 
ble-size memory is to be accessed. For this reason 2 and 3-byte instructions 
are frequently used for memory access. Such an instruction is 16 or 24 bits 

long. In most cases, one byte is used to represent the operations code and 

address mode portions of an instruction. The number of bits used for each of 
these and their relative locations within the byte vary from processor to pro¬ 
cessor. The address mode and operand part of the instruction combine to indi¬ 
cate the location in which the operand is stored. There are numerous modes of 
addressing the operand. The most important for microprocessors include direct 

(or absolute), indirect, relative, indexed, and immediate addressing. The ad¬ 

dress mode portion of the instruction specifies how the address is to be in¬ 
terpreted. These addressing modes are defined as follows: 

• Direct Addressing . With direct addressing, the address of the operand is 
specified directly in the instruction. This is a common form of addressing 
used in microcomputers. Direct addressing usually requires multiword in¬ 
structions in 4 or 8-bit microprocessors. 

• Indirect Addressing . In this mode, the instruction provides the address at 
which the address of the operand is to be found. In microprocessors, a 
form of addressing called register indirect addressing is commonly used. 
The address is stored in one or more registers within the CPU. In most 
cases, this architecture allows any location in memory to be addressed with 
a single-word instruction. Indirect addressing allows modification of the 
operand address during execution of the program. 

• Relative Addressing . In relative addressing, the address is specified by 
its relation to the program counter. In this mode the address specified in 
the instruction is added to the number in the program counter to obtain the 
address of the operand. For example, if the address in the instruction is 
11 and the program counter contains 124, then the address of the operand 
will be 11 + 124 = 135. The use of relative addressing simplifies the 
transfer of programs to different areas of memory. 

Microcomputer memory is frequently structured into pages . A page may consist 
of 256 words of memory and is frequently located on a single IC. A page 
structure divides the memory into small blocks. The use of paging reduces the 
necessity for multiword memory reference instructions. In conjunction with a 
memory page structure, a form of relative addressing called page relative ad¬ 
dressing is frequently used. In page relative addressing, an operand address 
given in the instruction is interpreted as a location on the same page of me¬ 
mory addressed by the program counter. In page-0 relative addressing , the 
operand address refers to a location on page 0 of the memory, regardless of 
the program counter contents. 

• Indexed Addressing . This mode is similar to relative addressing. The ad¬ 
dress specified in the instruction, however, is relative to a prespecified 
register other than the program counter. This register is called the 
index . The address given in the instruction is added to the contents of 
the index register to determine the address of the operand. Indexed ad¬ 
dressing is valuable in programs involving tables or arrays of numbers. 
The address of the first element of the table may be stored in the index 
register, and all other elements in the table may be addressed in 
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relation to the first element. 


• Iggnediate Addressing . In this mode, the operand is given in the instruc¬ 
tion itself. In a microprocessor with only an 8-bit word length this may 
not be possible. In this case, the memory location immediately following 
the instruction is often used to store the immediate data. 

The Signetics 2650 microprocessor can develop addresses in eight ways: 

• Register addressing. 

• Immediate addressing. 

• Relative addressing. 

• Relative, indirect addressing. 

• Absolute addressing. 

• Absolute, indirect addressing. 

• Absolute, indexed addressing. 

• Absolute, indirect, indexed addressing. 

However, of these eight addressing modes, only four of them are basic. The 
others are variations due to indexing and indirection. Chapter 9 describes 
how effective addresses are developed by the 2650 microprocessor. 


Extended/Non-Extended I/O 

One of the major tasks performed by the CPU portion of a microcomputer is the 
transfer of data between the CPU and an I/O device. This, of course, is the 
method used by the computer to communicate with the outside world; e.g., read¬ 
ing data into the processor from a keyboard, cassette tape unit, paper tape 
reader, etc. or writing data into a CRT display, paper tape punch, cassette 
recorder, etc. 

In most microprocessor-based system, there is essentially only one way that 
these I/O data transfers take place; i.e., by placing the "address” or identi¬ 
fication code of a specific I/O device on the address bus and the data to be 
written on the data bus. (If its a read operation, the I/O device will place 
the data to be read on the data bus.) With this arrangement, some mechanism 
must be provided to examine the address bus during an I/O transfer to deter¬ 
mine which specific I/O device is being accessed. This operation requires 
some type of decoder which can look at up to 8-bits of address data and from 
this information, generate a signal on a single line which will open a path 
from the data bus to the individual I/O device specified by the data on the 
address bus. 

This can be a rather complex task and, in fact, is often implemented by a spe¬ 
cial LSI chip designated specifically for this purpose. In addition to the 
hardware required, this approach to I/O data transfer also consumes memory 
space for storing this I/O address. For example, the 2650 requires two eight- 
bit memory words to implement this type of I/O transfer. One word 
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specifies the operation (Read or Write) and the other specifies the I/O de¬ 
vice. In the 2650, this is referred to as an Extended I/O operation. 

In addition to the Extended Mode of parallel I/O data transfer, the 2650 can 
also operate in what is referred to as a Non-Extended mode. In this mode, two 
different I/O devices can be addressed by a single pin called Data/Control 
(D/C). This is an output from the 2650 that responds to a specific instruc¬ 
tion calling for a Non-Extended l/O operation. This pin and the memory mapped 
I/O (see Chapter 6) are the only two pins that need be decoded to use this 
simple form of I/O. When the D/C output is high, it connects the **D" output 
device to the data bus; when it is low, it connects the ”C** output device. 
Thus, simple SSI gates are the only interface required to enable the 2650 to 
communicate with I/O devices in the Non-Extended Mode. 

In addition to saving hardware, the Non-Extended I/O mode also saves software 
(or program memory). Each Non-Extended instruction is a single word instruc¬ 
tion which contains enough information to specify two different operations 
(Read or Write) to two different ports (D or C). 

One additional benefit in having both Extended and Non-Extended I/O modes is 
the fact that one can **mix** modes in any given system. For example, assume 
that a typical system has 20 I/O channels, two of which are used substantially 
more that the other eighteen. In this system, one could specify the two fre¬ 
quently used channels as Non-Extended channels and address these with single¬ 
byte instructions. The other, less frequently used channels would be address¬ 
ed with Extended instructions. 

Another example would be in those situations where a single I/O device has two 
separate ports for information flow. Quite often, one of these ports is used 
to handle Control or status information; for example, "start a motor" or 
"start the timer," etc. The other channel is used for the actual data trans¬ 
fer. In this case, the basic I/O device can be addressed in the Extended Mode 
with a two-byte instruction and the actual information transferred in a Non- 
Extended Mode with a single-byte instruction. (In fact, the Data/Control 
aspects of this dual-port situation is what prompted the nomenclature for the 
D/C pin.) 


SOFTWARE 

Software is a term used to describe the programs that make a computer do a 
specific task. In fact, when used in the context of computers, the word soft¬ 
ware can be interchanged with the word program. In general, a program is a 
series of sequential steps (instructions) that accomplish an objective. Even 
though the specific set of instructions it can use is fixed by its design, a 
computer is general purpose because it can execute a list of these instruc¬ 
tions (a program) to perform some functions, execute another list of instruc¬ 
tions to perform some other function, and so on. 

In discussions about software and programming, a great deal is often said 
about programming in some language or another. This is because the way we 
command the machine is very much like the way we communicate in a written 
language. We have rules about how we start and end sentences and paragraphs 
and how we spell words. The way we communicate with a computer is through a 
programming language, which also has rules of spelling and punctuation, but 
these rules are much more strictly enforced. If you misspell a few words, 


1-9 



your reader will probably understand you anyway. A computer language is not 
that forgiving and will not produce the desired result if its rules are broken. 


Machine Language 

There are a number of levels of programming languages. The most basic level 
is that of the actual machine language. Each instruction is uniquely defined 
by a binary code (pattern) of ones and zeros. The central processing unit 
(CPU) examines each instruction code and performs the exact sequence of events 
to produce the operation defined by that instruction. After an operation has 
been performed and a problem solved, the computer must then reverse its open¬ 
ing procedure. It must retranslate its machine language and display the 
answer in a form the person who presented the problem can understand. 

The use of machine language is a perfectly reasonable way to program when the 
application is not too complex and the effort is on a low budget. The IN¬ 
STRUCTOR 50 is a machine-language microcomputer; making it support assembly 
language would have considerably raised its cost. The main advantages of ma¬ 
chine language programming are that it can be completed without the aid of an¬ 
other program, and it allows the programmer to keep track of and control every 
detail of the machine operation. 


Assembly Language 

To make programming easier, assemblers have been developed. An assembler is a 
computer program that accepts coded instructions or mnemonics that are more 
meaningful to use and translates them into binary machine code for execution 
by a computer. The mnemonics used for each instruction are much easier to re¬ 
member, and they make a listing of the program much easier to read. Assembly 
language programming allows the programmer to retain complete control over the 
important details of the computer operation, but takes care of all the drudg¬ 
ery of the binary coding, address calculations, and the like. 


Higher-Level Languages 

A third category of software is the higher-level languages, such as BASIC and 
FORTRAN, which come the closest to natural human languages. They are problem- 
oriented and contain familiar words and expressions; however, they have a very 
strictly defined structure and syntax. There are two types of support pro¬ 
grams associated with higher-level languages: compilers and interpreters. 
Both types take the higher-level language program the programmer writes and 
turn it into machine language the computer can use. 


other Software 

Other software associated with microprocessors include monitor programs, debug 
programs, simulators, editors, I/O handlers, diagnostic programs, and load¬ 
ers. Brief definitions of these programs are provided in the glossary (Chapt¬ 
er 13). 
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2. GETTING STARTED 


Introduction 

Welcome aboard the INSTRUCTOR 50—a unique and powerful training tool designed 
to introduce you to the world of microcomputers in the shortest possible time. 

INSTRUCTOR 50 is for computer hobbyists, students, engineers or anyone who 
wants to learn how to use a microcomputer the easy way, without having to face 
the drudgery of a long and tedious training program. 

INSTRUCTOR 50 is a stand-alone microcomputer based on the Signetics 2650 mi¬ 
croprocessor. It includes everything that you need to write, run, and debug 
machine-language programs. A 12-key Function Control Keyboard and a 16-key 
Hexadecimal Keyboard are used to enter data and perform various system func¬ 
tions associated with the INSTRUCTOR 50. The INSTRUCTOR 50 User System Execu¬ 
tive (USE) monitor program guides you in the use of the system by displaying 
prompting messages and responses on an eight-digit LED display. All facilit¬ 
ies required for program development are built into INSTRUCTOR 50 — you don't 
need anything else to start. 

Before getting into the details of what makes the INSTRUCTOR 50 tick, let’s 
first take a short shakedown cruise and write a few simple programs. Detailed 
information on each 2650 instruction is provided in Chapter 9. 


Power On and Initial Display 

To apply power to the INSTRUCTOR 50, connect the power cord into the rear 
panel receptacle, and insert the power pack into any standard 115 VAC domestic 
wall socket. The INSTRUCTOR 50 does not have a power ON/OFF switch. The 
initial display is the message HELLO, indicating that the INSTRUCTOR 50 is in 
the monitor mode and ready for use. If the HELLO message does not appear, de¬ 
press the MON key to initialize the INSTRUCTOR 50. Unplug the power pack to 
turn the INSTRUCTOR 50 off. 


Operating Modes 

The INSTRUCTOR 50 has two basic modes of operation, the MONITOR mode and the 
EXECUTION mode. The MONITOR mode is entered automatically on power up or by 
depressing the MON key on the function control keyboard. The monitor responds 
by displaying HELLO. While in the MONITOR mode, you may: 

• Enter and alter a program. 

• Read in a previously saved program from audio cassette tape. 
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# Display and alter the contents of the microcomputer's general-purpose 
working registers and/or Program Status Word (PSW). 

# Examine and alter the contents of memory locations. 

# Examine and alter the contents of the Program Counter. 

# Specify and examine a program breakpoint. 

# Step through a program one instruction at a time. 

m Save a program on cassette tape. 

The EXECUTION mode is entered by depressing the RUN key, the STEP key, or the 
RESET (RST) key on the function control keyboard. Depressing the RUN key ter¬ 
minates the MONITOR mode and causes program execution to begin at the address 
specified in the Program Counter. Depressing the STEP key causes the IN¬ 
STRUCTOR 50 to execute a single instruction and return to the MONITOR mode. 
When the RST key is depressed, current INSTRUCTOR 50 activity is terminated, 
and the processor begins program execution at address zero or, in hex nota¬ 
tion, H'OOOO*. 

Keying in and Entering Vaiues 

Address and data parameters are entered into the INSTRUCTOR 50 via the hexa¬ 
decimal keyboard using the hex notation described in Chapter 1. When entering 
an address, you may enter as many as four hex digits starting with the most- 
significant digit of the address. Leading zeroes need not be entered; if less 
that four digits are entered, the leading digits are automatically zeroed. 
Data values consist of one or two hex digits, with the most-significant digit 
entered first. If only one digit is entered, the most-significant digit is 
automatically zeroed. 


Correcting Entry Errors 

The numbers keyed in appear in the address or data display field and can be 
edited prior to depression of a funciton key by simply keying in the correct 
characters. The display shifts to the left each time a new character is en¬ 
tered, and characters shifted out of the field are disregarded. Only the last 
digits entered are retained, so that an error in entry can be corrected by en¬ 
tering the correct data.* 

For example, if you were entering an address and you depressed 121 instead of 
the correct value of 120, the display would read; 


.Ad. = 121 


^ Data values entered during operation in the FAST PATCH command mode cannot 
be corrected in this manner. See description of the FAST PATCH command in 
Chapter 5. 
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To recover from this error, simply key in the correct value by depressing the 
following hex keys: 


( 0 ) ( 1 ) ( 2 ) ( 0 ) 

The correct value would then be displayed as indicated below. 

.Ad. = 0120 


The Prompt Light 

A dot or period in the left-most position of the display (e.g., .Ad. =) is a 
prompt signal. It indicates that the INSTRUCTOR 50 is ready to accept a data 
or address value. 


Entering and Executing a Simple Program 

To demonstrate the use of the INSTRUCTOR 50, let’s write a simple program, en¬ 
ter it, and execute it. Prior to writing the program, we must decide what 
task or operation we want the program to perform. 

Let’s say we want to ’’show the operation of an 8-bit binary counter on the IN¬ 
STRUCTOR 50*s output port indicator LEDs”. The flowchart for performing this 
task is shown in Figure 2.1. 


The DELAY block shown in the flowchart provides a time interval between new 
values of the binary count in order to observe the counting action on the port 
indicators. This can be implemented in several ways, depending on the delay 
required.^ We will use a double-loop technique, with the outer loop counting 
the number of excursions through the inner loop. 



Figure 2.1: Flowchart for Binary Counter Program 


*See Signetics 2650 Applications Note AS52 - General Delay Routines. 
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The next step is to select registers for the binary counter and the delay loop 
counters, and to select an output port for the display operation. Let's arbi¬ 
trarily make the following assignments: 

Register 0 - Binary counter 
Register 1 = Outer loop counter 
Register 2 = Inner loop counter 
Port D = Output display port 

We are now ready to write the program: 


ADDRESS 

HEX VALUE 

LABEL 

INSTRUCTION 

COMMENTS 

00 

75,11 

START 

CPSL C + RS 

Operations without 





Carry, Reg. bank 0 

02 

20 


EORZ,R0 

Clear RO 

03 

FO 

OUT 

WRTD,R0 

Output RO to D 

04 

05,20 

LOOPl 

L0DI,R1 H'20' 

Initialize outer loop 

06 

06,20 

L00P2 

LODI,R2 H'OO' 

Initialize inner loop 

08 

FA,7E 

SELF 

BDRR,R2 SELF 

Count inner loop 

OA 

F9,7A 


BDRR,R1 L00P2 

Count outer loop 

OC 

84,01 


ADD1,R0 H'Ol' 

Add 1 to RO 

OE 

IF,00,03 


BCTA,UN OUT 

Go back to output 


Let's begin entering the program using the INSTRUCTOR 50's FAST PATCH command, 
which is used for entering long hex data strings. The FAST PATCH mode is en¬ 
abled by depressing the (REG) key followed by the (F) key: 


KEY 


DISPLAY 


COMMENTS 

(MON) 


HELLO 


Enter monitor mode 

(REG) 

(F) 

.Ad. = 


Enter FAST PATCH 

(0) 

(ENT/NXT) 

.0000 


Enter starting address 

(7) 

(5) 

.0000 

75 

Begin program entry. 

(1) 

(1) 

.0001 

11 


(2) 

• 

(0) 

.0002 

20 


• 

(i) 

(F) 

.OOOE 

IF 


(0) 

(0) 

.OOOF 

00 


(0) 

(3) 

.0010 

03 


(ENT/NXT) 

.0010 

03 

Terminate FAST PATCH 

We will now verify 

correct entry by 

using the DISPLAY & ALTER MEMORY command 

KEY 


DISPLAY 


COMMENTS 

(MEM) 


.Ad. = 


Display and Alter memory 

(0) 

(ENT/NXT) 

.0000 

75 

Address entered, data displayed 

(ENT/NXT) 

.0001 

11 


(ENT/NXT) 

.0002 

20 


(ENT/NXT) 

• 

.0003 

FO 


• 

• 

(ENT/NXT) 

.0010 

03 

Verification complete 
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ERROR CORRECTION TECHNIQUE 


If an error is detected during verification, it can be corrected by entering 
the correct value before depressing the (ENT/NXT) key. For example: 


KEY 

DISPLAY 


COMMENTS 

• 

• 

(ENT/NXT) 

.0003 

F8 

Error. Data should be FO 

(F) (0) 

.0003 

FO 

Correct data entered. 

(ENT/NXT) 

.0004 

05 

New data deposited. 


EXERCISING THE PROGRAM 

We are now ready to exercise the program. Before proceeding, make certain 
that the Interrupt Select Switch which is accessible from the bottom side of 
the case is in the keyboard position (towards the center). The Port Address 
Select Switch is placed in the NON-EXTENDED Port D position, and, since the 
program begins at address zero, the (RST) key is depressed to initiate execu¬ 
tion. The program operation can be observed on the I/O port indicators. 


CHANGING THE PROGRAM PARAMETERS 

We can use the INSTRUCTOR 50 facilities to change the program parameters or to 
observe the internal operation of the program. For example, to change the de¬ 
lay time, we can change the delay constant at address H'05’ with the DISPLAY 
AND ALTER MEMORY command. 


KEY DISPLAY COMMENTS 


(MON) 

HELLO 


Return to monitor mode. 

(MEM) 

.Ad. = 


Display and Alter memory. 

(5) (ENT/NXT) 

.0005 

20 

Address entered, data shown 

(4) (0) 

.0005 

40 

New constant entered. 

(ENT/NXT) 

.0006 

06 

New constant deposited. 

(RST) 



Program re-started. 


The counter now operates about half as fast as before. 

We can observe the internal operation of the program by using a breakpoint, 
which will stop program execution at a selected instruction and return to the 
monitor mode. Let's watch the outer delay loop operate by placing a break¬ 
point at address H'OA'. To enable the breakpoint during program execution, 
the program must be started via the RUN command. Before running the program, 
the starting address (H'OO*) must be entered by using the DISPLAY AND ALTER 
PROGRAM COUNTER (PC) command: 
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KEY 


DISPLAY 

COMMENTS 

(MON) 


HELLO 

Return to monitor. 

(BKPT) (A) 

(ENT/NXT) 

b.P. = A 

Breakpoint entered. 

(REG) 

(C) (0) 

.PC = 0 

Enter starting address. 

(RUN) 


-OOOA F9 

Start execution. Program stops 

breakpoint and returns to monitor. 

(REG) 

(1) 

.rl = 3F 

Rl has decremented by 1. 

(RUN) 


-OOOA F9 

Execute again. 

(REG) 

(1) 

.rl = 3E 

Rl has decremented again. 

(RUN) 

(1) 

(REG) 

.rl = 3D 

And again. 

(BKPT) 

(RUN) 

(BKPT) 

b.P = 

Breakpoint removed. 

Program runs without stopping. 


EXAMPLE 2: THE BILLBOARD PROGRAM 

Example 2 is a program that makes use of the User Display Routine described in 
Chapter 6. The User Display Routine moves an eight-byte message from a user 
program to the display buffer and then displays the message. In our sample 
program, the selected message will reappear on the display panel at regular 
intervals to give the effect of a rotating billboard. 

The following program listing is self-explanatory and contains all the ne¬ 
cessary parameters for entering and executing the program. If you are not 
familiar with program listings, the hex values are located in the third column 
from the left under the word OBJECT. Figure 2.2 is a flowchart of the bill¬ 
board program. 
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TWIN ASSEMBLER VER 2. XI BILLBOARD PW3GRAH 17 APR 78 PAffi 0^ 

LINE ADDR OBJECT E SOURCE 


0£i£G 


0004 

0005 

0006 

0007 


0009 

0010 

0011 

8012 

e©i2 

0014 

8015 

0016 

0017 

0018 

8019 


*PRC«Rm WRITTEN BY JfMi KEENAN 
* 

♦THIS PROIStAM IS W-IHEN FOR TI€ INSTRUCTCH? 50 
♦ 

♦THIS PR0a?AM DISPLAYS THE MESSI^ IN THE DISPLAY BUFFER 
* 

♦THE MESSAGE WILL WILL REAPPEAR ON THE DISPLAY PANEL 
♦AT REGULAR INTERVALS TO GIVE TIC EFFECT OF A ROTATIMS 
♦eiLLBOfCD. 

* 

♦TIC MAXIMUM MESSAGE LENGTH IS 254 CICRACTERS 

♦THE MESSfffiE IS ENTERED STARTING AT LOCATICW H'101'. PWJKAM LAKL 'MSG' 
♦THE EM) OF ICSSAGE IS INDICATED BY THE VfCUE CF H'FF' 1C THE LAST 
♦CISCflCTER OF TIC MESSfCE. 

♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦^♦♦♦♦♦♦♦^‘♦♦♦♦^t^i^iiMc^^^^^^^iMnMQMi^iMali^^^^^^^^iluMiiMaMc 

♦ STAI««® SYICOL DEFINITI®! - THIS FILE WW K fCPENDED TO TIC 


0020 

♦ 



FRONT OF fm USER'S ! 

0021 

♦ REGISTER 

ELATES 


0822 80® 

R0 

EQU 

0 

REGISTER 0 

Wil 0®1 

R1 

Em 

1 

REGISTER 1 

®24 0002 

R2 

EGW 

2 

REGISTER 2 

0025 0002 

R2 

EQU 

2 

REGISTER 3 

®26 

♦ CWOITION 

CMCS 


®27 0001 

P 

EQU 

1 

POSITIVE ICSllT 

0028 ®® 

Z 

EQU 

0 

ZERO RESULT 

@029 ®02 

N 

EQU 

2 

IC®TIVE RESULT 

®30 ®02 

LT 

EffiJ 

2 

LESS THAN 

®21 8000 

EQ 

EQU 

8 

EQ®L TO 

®32 0001 

GT 

EQU 

1 

GREATER THAN 

®22 0002 

UN 

E® 

3 

UNCONDITIONAL 

C^024 

♦ PSW 

LOWER 

EQUATES 


®25 80® 

CC 

EQU 

H'®' 

CWOITIim CODES 

®26 ®20 

IDC 

EQU 

H'®' 

IHTERDIGIT CARRY 

®2? ®10 

RS 

EQU 

H'10' 

REGISTER BfWK 

0028 0008 

WC 

EQU 

H'®' 

14IITH 0=WITHa.lT CfCRY 

®29 0004 

OVF 

EQU 

H'84' 

OVERFLOW 

®40 0002 

COM 

EQU 

H'®' 

1=L®IC 0=ARITHMETIC COICffiC 

®41 0001 

C 

EQU 

H'81' 

Cf^/BORR® 

®42 

♦ PSW 

UPPER 

EfWATES 


®42 ®80 

SENS 

E® 

H'®' 

SENSE BIT 

0044 ®4e 

aAG 

EW 

H'40' 

FL® BIT 

®45 ®20 

11 

EQU 

H'®' 

INTERRUPT INHIBIT 

®46 0087 

SP 

EQU 

H'07' 

STACK POINTER 

0047 

♦ EW) 1 

3F EQUATES 
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TWIN ftSSEW-ER VER 2. Xi BILLBOffl® PRCfiRffll 17 RPR 78 Pflffi ^ 

LIfE fCC-R CSJECT E SOLKCE 

8050 a?G 0 SET Tf€ KGIfIJIfC OF PROQ?»l TO LOCATION 0 

^51 * 


8852 mm 7510 

mm 

cpa. 

RS SET LOWER REGISTER Bf9K 

0053 mz 

smi 

LODLRl 

H'60' LORD TIC DELAY COUTER 

0054 8804 7710 

DISPL 

PPSL 

RS SET TIC IPPER REGISTER BANK 

8055 00^ 0501 


LODLRl 

<MSQ LOAD THE UPPER BYTE OF MESSAGE POINTER ADDRESS 

0056 ^ 0E01^ 


LmR2 

PNTR LfflD TIC LOWER BYTE OF tCSSRGE POINTER ADDRESS-1 

ms? mB 8781 


L0DLR3 

01 LC«) THE 1 PASS COflAND ffiRAICTER TO THE DI31AY 

8058 

♦ 


Romic 

0059 000D ^E6 


im 

♦USRDSP EXIT TO THE DISPLAY ROJTIIC FO? 1 PASS 

0060 ^ 7510 


CPSL 

RS SaECT THE LMCR REGISTER BANK 

0061 0011 FDW4 


®RA..R1 

DISPL INCREMENT TIC DELAY COUNTER AM) CICCK F® EM) 

0862 

t 


IF NOT AT EM), DISPLAY TIC Sf»C fCSSWC UNTIL 

8063 

♦ 


COWT = 0 

0064 M14 @E0100 


LmR2 

PNTR LOW) POINTER TO ICSSWC 

0065 @017 8601 


ADDLR2 

1 INCREICHT IT 

0066 0019 CE0100 


STRA,R2 

PNTR SAVE TIC fCH POINTER VALUE 

0067 MdC C€6189 


LODA,R0 

MSG+8,R2 LOW) THE fCXT CHARfCER TO BE DISKAVED 

0068 001F E4FF 


C0MLR8 

H'F' IS IT TIC EW (F MESSAGE CWRRCTER? 

^»69 ^21 9C-0002 


BCFA..EQ 

START IF NO, GO DISRJW TIC MESSAIC ROTATED LffT 1 

0070 

♦ 


CHARACTER 

0071 0024 0400 


LODLR0 

0 IF YES, RESET MESSAGE POINTER TO BEGINNING OF 

8872 

♦ 


MESSWjE 

0073 0026 CC0100 


STRA,R0 

PNTR SET POINTER TO BEGIMIING 

0074 mZS 1F0002 


BCTA,IJI 

STfCT IjO display THE MESSWC FR® TIC BEGIMIIMj 

0075 

* 



0076 




@077 082C 


C«6 

H'l®' THIS IS TIC DATA WCA FOR TIC PR0GRW1 

^78 




0079 &im 

PNTR 

RES 

1 1 LOCATION TO SWE THE LEAST SIGNIFICWIT BYTE OF 

8080 



MESSraE POINTER 

0081 




8882 




0083 

♦THIS IS THE INITIAL MESSf^ IN TIC WFER 

0084 

* 



0085 

♦TIC MESSAGE IS 'HI THIS IS TIC 2658.... HI THIS' 

0086 




0087 

* 



®88 0101 14011707 

HSG 

DATA 

H'14,81,17,07,14,01,05,17,01,®, 17' HI THIS IS 

0105 14010517 




0109 01K17 




8889 810C 87140E17 


DATA 

H'07,14,0E, 17,02,06,05, ®' TIC 2650 

8110 02^0500 




0090 0114 lAlAlAlA 


MTR 

H'lA, lA, lA, la 14,01,17,07,14,01, ®' .... HI THIS 

0118 14011707 




011C 140105 




0891 011F FF 


DATA 

H'FF' EM) OF MESSWC FLAG 

0092 

* 



0093 

5K 



0094 0120 


0R6 

H'lFES' LOCATION OF POINTER IN MONIT® TO DISPLAY ROUTIIC 

0095 1FE6 

L6RDSP EQU 

$ 

M96 

* 



0097 

♦ 



0098 08® 


EM) 

BEGIN 


TOTAL ASSEMK-V ERROS = 0^ 
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INCREMENT 

DISPLAY 

BUFFER 

POINTER 


t 


CHECK NEXT 
CHARACTER 
IN BUFFER 



RESET 
POINTER TO 
BEGINNING 



Figure 2.2: Flowchart for Billboard Program. 
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Let’s begin entering the hex values shown in the program listing starting at 
memory location H’OOOO’. We will again use the FAST PATCH command for enter¬ 
ing values. 


Program Entry & Verification 


KEY(S) 

DISPLAY 


COMMENTS 

(MON) 

HELLO 


Enter monitor mode 

(REG) (F) 

.Ad. = 


Enter FAST PATCH 

(0) (ENT/NXT) 

.0000 


Enter starting address. 

(7) (5) 

.0000 

75 

Begin program entry. 

(1) (0) 

.0001 

10 


(0) (5) 

.0002 

05 


(6) (0) 

• 

.0003 

60 


• 

(i) (F) 

.0029 

IF 


(0) (0) 

.002A 

00 


(0) (2) 

.002b. 

02 


(ENT/NXT) 

002b. 

02 

Terminate FAST PATCH. 

We will now verify 

correct entry by 

using the DISPLAY & ALTER MEMORY command 

KEY(S) 

DISPLAY 


COMMENTS 

(MEM) 

.Ad. = 


Display and Alter Memory 

(0) (ENT/NXT) 

.0000 

75 

Address entered; data displayed. 

(ENT/NXT) 

.0001 

10 


(ENT/NXT) 

.0002 

05 


(ENT/NXT) 

• 

.0003 

60 


• 

• 

(ENT/NXT) 

.0029 

IF 


(ENT/NXT) 

.002A 

00 


(ENT/NXT) 

.002b. 

02 

Verification complete. 


Setting a Pointer 

Our next step will be to set a message pointer at memory location 100 to indi¬ 
cate that our message will begin at address 101. 


KEY(S) 


DISPLAY 


COMMENTS 


(MEN) 


.Ad. = 


Display and Alter Memory 


(1) (0) 

(0) 

.Ad. = 

100 

Location of message pointer 
entered. 

address 

(ENT/NXT) 


.0100 

lA 

Previous contents of memory 
100 is lA. 

location 

(0) (0) 


.0100 

00 

Contents changed to 00. 


(ENT/NXT) 


.0101 

00 

Message pointer set. 
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Entering a Message 

Now that the message pointer has been entered and set, we can begin entering 
our message starting at memory location 101. We will re-enter the FAST PATCH 
mode prior to message entry and then begin entering the message: HI THIS IS 
THE 2650....HI THIS. Note that the first two words of our message are repeat¬ 
ed to give the effect of a rotating billboard. 

Refer to Figure 3.2 for the hex value corresponding to each character in our 
message. 

KEY(S) DISPLAY COMMENTS 


(REG) 

(F) 

.Ad. = 


Enter FAST PATCH 

(1) 

(0) (1) 

.Ad. = 

101 

Starting address entered. 

(ENT/NXT) 

.0101 


Starting address set. 

(1) 

(4) 

.0101 

14 

Hex 

value 

for 

letter H 

(0) 

(1) 

.0102 

01 

Hex 

value 

for 

letter I 

(1) 

(7) 

.0103 

17 

Hex 

value 

for 

blank or space 

(0) 

(7) 

.0104 

07 

Hex 

value 

for 

letter T 

(1) 

(4) 

.0104 

14 

Hex 

value 

for 

letter H 

(0) 

(1) 

.0106 

01 

Hex 

value 

for 

letter I 

(0) 

(5) 

.0107 

05 

Hex 

value 

for 

letter S 

(1) 

(7) 

.0108 

17 

Hex 

value 

for 

blank or space 

(0) 

(1) 

.0109 

01 

Hex 

value 

for 

letter I 

(0) 

(5) 

.OlOA 

05 

Hex 

value 

for 

letter S 

(1) 

(7) 

.010b, 

17 

Hex 

value 

for 

blank or space 

(0) 

(7) 

.OlOC 

07 

Hex 

value 

for 

letter T 

(1) 

(4) 

.OlOd. 

14 

Hex 

value 

for 

letter H 

(0) 

(E) 

.OlOE 

OE 

Hex 

value 

for 

letter E 

(1) 

(7) 

.OlOF 

17 

Hex 

value 

for 

blank or space 

(0) 

(2) 

.0110 

02 

Hex 

value 

for 

numeral 2 

(0) 

(6) 

.0111 

06 

Hex 

vlaue 

for 

numeral 6 

(0) 

(5) 

.0112 

05 

Hex 

value 

for 

numeral 5 

(0) 

(0) 

.0113 

00 

Hex 

value 

for 

numeral 0 

(1) 

(A) 

.0114 

lA 

Hex 

value 

for 

dot or period 

(1) 

(A) 

.0115 

lA 

Hex 

value 

for 

dot or period 

(1) 

(A) 

.0116 

lA 

Hex 

value 

for 

dot or period 

(1) 

(A) 

.0117 

lA 

Hex 

value 

for 

dot or period 

(1) 

(4) 

,0118 

14 

Hex 

value 

for 

letter H 

(0) 

(1) 

.0119 

01 

Hex 

value 

for 

letter I 

(1) 

(7) 

.OllA 

17 

Hex 

value 

for 

blank or space 

(0) 

(7) 

.011b. 

07 

Hex 

value 

for 

letter T 

(1) 

(4) 

.one 

14 

Hex 

value 

for 

letter H 

(0) 

(1) 

.Olid. 

01 

Hex 

value 

for 

letter I 

(0) 

(5) 

.OllE 

05 

Hex 

value 

for 

letter S 

(F) 

(F) 

.OllF 

FF 

End 

of message flag. 


Exercising the Program 

To execute the program, depress the following keys; 
(REG) (C) (0) (RUN) 
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You can now observe the movement of our message on the display panel. We can 
use the INSTRUCTOR 50 facilities to vary the speed of message movement by 
changing the constant at memory location 0003 from 60 to another value. To 
accomplish this, proceed as follows: 


KEY(S) 

DISPLAY 


COMMENTS 

(MON) 

HELLO 


Return to monitor mode. 

(MEM) 

.Ad. = 


Display and alter memory. 

(3) (ENT/NXT) 

.0003 

60 

Address entered; data shown. 

(F) (F) 

.0003 

FF 

New constant entered. 

(ENT/NXT) 

.0004 

77 

New constant deposited. 

(REG) (C) (0) 



Program re-started. 


(RUN) 


EXAMPLE 3: CLOCK PROGRAM FOR THE INSTRUCTOR 50 

Example 3 is a clock program that makes use of the Display routine described 
in Chapter 6. Since this program incorporates features described in later 
chapters of this manual, you may wish to skip it for now and return to it when 
you are more familiar with the INSTRUCTOR 50. 

The following program listing is self-explanatory and contains all the ne¬ 
cessary parameters for entering and executing the program. As in the previous 
example, the hex values in the program listing are located in the third column 
from the left under the word OBJECT. 

NOTE : When entering the hex values from the listing, note the gaps at address 
locations 0005 and 0006. These gaps are used to accommodate an interrupt rou¬ 
tine. No Operation (NOP) instructions (e.g., CO) may be inserted in these 
gaps. 

Let's begin entering the program using the program listing as a guide: 


KEY(S) 


DISPLAY 


COMMENTS 

(MON) 


HELLO 


Enter monitor mode. 

(REG) 

(F) 

.Ad. = 


Enter FAST PATCH 

(0) 

(ENT/NXT) 

.0000 


Enter starting address 

(7) 

(6) 

.0000 

76 

Begin program entry. 

(2) 

(0) 

.0001 

20 


(1) 

(F) 

.0002 

IF 


(0) 

(0) 

.0003 

00 


(9) 

(5) 

.0004 

95 


(c) 

(0) 

.0005 

CO 

NOP entered in gap. 

(c) 

(0) 

.0006 

CO 

NOP entered in gap. 

(0) 

• 

(C) 

.0007 

OC 


• 

(i) 

(B) 

.00A5 

lb. 


(6) 

(E) 

.00A6 

6E 


(ENT/NXT) 

.00A6 

6E 

Terminate FAST PATCH 
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Now that we have entered the program, let's enter the time of day, execute the 
program, and observe the clock on the display panel. For demonstration pur¬ 
poses, we will use the time of day specified on page 1 of the program listing; 
that is : 3:45:27 AM. 


KEY(S) 

DISPLAY 


COMMENTS 

(REG) 

(F) 

.Ad. = 


Enter FAST PATCH 

(1) 

(0) 



.0100 Enter starting 

(0) 

(ENT/NXT) 



address. 

(1) 

(7) 

.0100 

17 


(8) 

(3) 

.0101 

83 


(0) 

(4) 

.0102 

04 


(8) 

(5) 

.0103 

85 


(0) 

(2) 

.0104 

02 


(0) 

(7) 

.0105 

07 


(1) 

(7) 

.0106 

17 


(0) 

(A) 

.0107 

OA 


(ENT/NXT) 



Terminate FAST PATCH 


Depress (RST) and observe the clock on the display panel. 
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iwint n:>jtnDi.cr^ vcr c-v uluW'. rRUUKTiri rw insmiMUH jo 


rnuc owi. 


im f»[« (®JECT E 


0802 

0002 

dm 

0005 

0006 

0007 


0009 

mm 

mi 

0012 

mn 

0014 

0015 

mis 

0017 

0018 

ms 


0021 

0022 

0022 

0024 

0^ 

0026 

0027 

0028 

0029 

0020 

0021 

0022 

0022 

0024 


♦ 

* aCKK PROGRflH FOR IMSTRlCTaR 50 

* 

* 

« 

* 

* 

* 

* THE DISPLflY FORMAT IS AS Fa.L0WS; 

* 

* 

* 

* 

* 
t 
* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 


THIS PROa^AM mEMENTS A CLOCK C»i Tl€ INSTRUCTIB? 50. 
TO RUN THE PROm T* 'DIRECT/WIRECT' SWITCH MUST 
K IN TIC 'DIRECT' POSITION AM) TIC 'INTERRUPT SELECT' 
ailTCH MUST BE IN TIC 'AC LINE' POSITION. 


HH. MM. SS A/‘P 

AFTER ENTERIfC TIC PROGRfW INTO TIC INSTRICTOR 50, 

TIC INITIIC TIME MJST BE ENTERED INTO LOCATICWS H'100' 

TO H'107' USIM3 TIC EXAMINE/flTER (CMORV COIflAM) OR THE 
FAST PATCH COWM). TIC DATA ENTERED IN TICSE LOCATIfflC fCE 
TIC DISPLAY CODES DESCRIBED IN FiaiRE 2. 2 OF THIS 
MAWH-. FOR EKfflIPLL TO INITIfCIZE THE TIIC TO 2:45:27 ffl1> 
PROCEED AS FOiaJS W TIC INSTRIXTOR 50: 

REG F ENTER FAST PATCH 
100 E/-N ENTER STARTIMj ADDRESS 


17 

82 

04 

85 

02 

07 

17 

0A 

E/N 


AFTER INITIft. TIIC mm IS ENTEfCD, 
BEGIN PROjRMI EXECUTION. 


BLfWK CODE 
2. CODE 
4 C£»E 

5. CODE 
2 COCC 
7 COIC 

6. »»( CODE 

A cat 

TERMINATE FAST PATCH MODE 

DEPRESS 'WES' KEY TO 


0025 

* REGISTER 

EQUATES 


0026 mm 

R0 

EQU 

0 

1C6ISTER 0 

mi? 0 ^ 

R1 

E6U 

1 

REGISTER 1 

0028 0002 

R2 

EOJ 

2 

REGISTER 2 

%29 0002 

R2 

EQU 

2 

REGISTER 2 

0040 

* CCWDITION 

CODES 


0041 0001 

P 

EO) 

1 

POSITIVE RESIT 

^2 0^ 

Z 

EOJ 

0 

2R0 RESU.T 

0042 0002 

N 

EO) 

2 

NEGATIVE RESULT 

0044 0002 

LT 

EQU 

2 

LESS THAN 

0045 0000 

EQ 

EQU 

0 

EQIM. TO 

0046 0001 

6T 

EOi 

1 

GREATER THffll 

0047 0002 

UN 

EOJ 

2 

IMM)ITI0M1 

dm 

* PSW 

LOCR 

EQUATES 


0049 0^ 

CC 

EQU 

H'00' 

CWITim CODES 

0050 @020 

IDC 

EQU 

H'20' 

INTCRDIGIT C«?RV 

0051 0010 

RS 

EOJ 

H'10' 

REGISTER Bm. 

0052 0008 

WC 

EQU 

H'08' 

1=WITH WITHOUT CfCRV 

0052 0004 

OVF 

EOi 

H'04' 

OVCRFLOI 

0054 0^ 

CW 

EOJ 

H'02-' 

14.0GIC 0=fCITIf1ETIC COfCARE 

0055 0001 

C 

EQU 

H'01' 

CfCRY/BORWJH 

0056 

* m 

ICPER 

m 

m 
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THIN RSSEMafR VER Z 8 aOCK PROGWW FOR If6TRUCTOR 58 PAGE 8882 
LMflDDR OBJECT E SOURCE 

8857 8888 SENS E6U H'88' SENSE BIT 

8858 8848 FLAG EQU H'W FLAG BIT 

8859 8828 II EQU ^28'- INTERRUPT INHIBIT 

8868 8887 SP EQU H‘'e7 ' STACK POINTER 

8861 « END OF EQUATES 

8862 * 

8864 * 

8865 * PRO®A« BEGINS HERE LOCATE AT STARTING ADDRESS H'ee08' 

8866 * 

8868 * 


QCkCQ OdOA 
wD-? TOOT 


ORG 8 

8878 



8871 dm 7628 

STftRT 

PPSU II 

8872 8882 IF^ 


BCTA.UN DISP 

8873 

♦ 


8874 8885 


ORG 7 

8875 

♦ 


8876 8887 8C8188 

CLOCK 

L0DA.R8 FRAC 

8877 888A 8481 


ADDLR8 1 

8878 888C CC8188 


STRA,R8 FRAC 

8879 888F E43C 


C0MLR8 68 

8888 8811 16 


RETC,LT 

8881 

♦ 


8882 8812 28 


EORZ R8 

8883 8813 CC8188 


STWIR8 FRAC 

8884 8816 8C8185 


L0DA,R9 USEC 

8885 8819 8481 


ADDLR8 1 

8886 8816 CC8185 


STRaR8 USEC 

8887 881E E48A 


C0MLR8 18 

8888 8828 16 


RETC,LT 

8889 8821 28 


EORZ R8 

8898 8822 CC8185 


STHIR8 USEC 

8891 8825 8C8184 


LODfbRB TSC 

8892 8828 8481 


ADDLR8 1 

8893 882A CC8184 


STRfira TSC 

8894 882D E486 


C0MLR8 6 

8895 882F 16 


RETC-LT 

8896 

♦ 


8897 8838 28 


EORZ R8 

8898 8831 CC8184 


STRA,R8 TSC 

8899 8834 8C8183 


LODaRB UMIN 

8188 8837 8481 


ADDLR8 1 

8181 8839 CC8183 


STRtlRe UMIN 

8182 883C E48A 


C0MLR8 H'SA' 

8183 883E 16 


REiaLT 

8184 883F 8488 


LODLIW H'Se' 

8185 8841 CC8183 


STRaRB UMIN 

8186 8844 8C8182 


L0DaR8 TMIN 

8187 8847 8481 


A0DLR8 1 

8188 8849 CC8182 


STRaRO TMIN 

8189 884C E486 


C0MLR8 6 

8118 884E 16 


RETDLT 

8111 

* 


8112 884F 28 


EORZ R8 


PROGRAM STARTS AT H'8W8' 

INHIBIT INTERRUPTS 

BRfflCH AWSJf® INTERRUPT ROJTINE TO DISPLAY 

LOCATKW OF INTERRUPT ROUTINE 

GET FRACTIOWL SECONDS 

ADD 1 SINCE INTERRUPTED EVERY 68TH OF A SEC 

RESTORE THE VALUE 

HAVE HE COUNTED ONE SECOND? 

NO-RETURN TO DISPLAY 
YES-MUST INCREMBiT SECONDS 
SET R8 TO ZERO 
SET FWC TO ZERO 
GET UNIT SECONDS 
ADD 1 

PUT IT BACK 
IS UNIT SECONDS 18? 

NO-RETURN TO DISPLAY 
SET R8 TO ZERO 
SET IWIT SEC TO ZERO 
GET TENS OF SECONDS 
ADD 1 

PUT IT BACK 
REACt€0 68 SECONDS? 

NO-l$TURN TO DISPLAY 
YES-MUST INCREMENT MINUTES 
SET R8 TO ZERO 
SET TENS OF SEC TO ZERO 
GET UNIT MINUTES 
ADD 1 

PUT IT BACK 
REACHED 18 MINUTES? 
m-RETURN TO DISPLAY 
SET R8 TO '8.' 

SET UNIT MIN TO '8.' 

GET TENS OF MINUTES 
ADD 1 

PUT IT KCK 
REAOCD ONE HOIffT? 

W)-RETl«N TO DISPLAY 
YES-MUST INCREMENT HOURS 
ST R8 TO ZERO 
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THIN ASSEMBLER '0 2 0 aOCK PROGRAM FOR INSTRUCTOR 50 PAGE 0803 


LHC 9m. OBJECT 

E 



0112 dm CC8102 


STRA.R0 THIN 

SET MINUTES TO ZERO 

0114 0853 0C01@1 


LmR8 IMS 

GET IWIT mss 

0115 0056 8401 


ffl»LR0 1 

f»D 1 TO w«T mss 

0116 ^ CC0101 


STRR,R8 WKS 

PUT IT m 

0117 



MUST CHECK IF HAVE REACHED '13' HRS 

0118 dm E483 


CaiLR0 H'83' 

IS tWIT MS A 3 <82=3.)? 

0119 005D 1812 


BCTR.EQ HRSO 

B«»0 IF O 

0120 



NO - MUST CHECK IF REACHED '12' HRS TO 

0121 

3|i 


CHANGE A TO P OR VICE-VERSA 

0122 mF E482 


C»fLI^ ^82' 

IS UNIT MS A 2 (82=2.)? 

0123 ^61 i81F 


BCTR,EQ HRS12 

BRANCH IF VES 

0124 dm E48R 


COMLR0 HW 

IS UNIT MS 10 (A=10)? 

dm 0065 16 


RETC,LT 

NO-ICTURN TO DISPLAV 

0126 dm 04^ 


La)LR0 H'80' 

SET R0 TO '0.' 

0127 0068 CC0101 


STRaR0 IMRS 

PUT IN UNIT HIMS 

0128 2m 0401 


LODLR0 1 

MUST SET TENS OF HRS TO 1 

0129 000) CC01® 


STiffi,R@ TI«S 

STORE IN TENS (F MS 

0130 ^70 17 


RETC,W 

RETURN TO DISPLAV 

0131 

♦ 


FOLLOHING CODE CHANGES 'O' HOURS TO 

0132 

* 


'1' HOC 

0133 ^71 0C01^ 

mu 

LODaR0 THRS 

CHECK IF '3' M 'O' 

0134 M74 E4i7 


C«1Lf^ H'17' 

IS THRS A HJM? 

0125 m76 14 


iCTC,EQ 

VES -IT IS '3', NOT 'O'-SeMN TO DISPLAV 

0136 



Ittl-MUST BE 'O' SO CMMC TO '1' 

0137 0077 0417 


LODL^ H'i7' 

CODE FOR BLANK 

0138 0079 CC01® 


STRR,R0 TICS 

SET TENS OF HRS TO BLAM 

0129 ^7C 0481 


LODI,R0 rSl" 

CODE FM '1.' 

0140 807E CC0101 


STRR,R0 IMS 

STORE IN WIT IWJRS 

0141 dm. 17 


RETaUN 

RETURN TO DIS^JW 

0142 



FOLLOHING CODE CHANGES A TO P AND 

0143 



VICE-VERSA AT '12' HOMS 

0144 0^ 0C01^ 

^12 

L0DA,R8 THRS 

FIRST OCCK IF '2' OR '12' 

0145 0085 E417 


COMLR0 H'lT' 

IS TEfC (F MS A a.(WK? 

0146 0087 14 


RETC,EQ 

VES. PWST BE '2'-(£TMN TO DISPLAV 

0147 0088 040A 


LODLR0 

LOAD C(»E FM 'A' 

0148 M8A EC0187 


C(MI.R0 fMM 

IS SVim NW AN 'A'? 

0149 9802 


KJR,EQ SVfe 

NO-IT IS 'P' SO fWST CMN(C TO 'A' 

0150 03^ 0410 


LCOLR0 H'10' 

CODE FOR 'P' SINCE (MM NIW 'A' 

0151 M91 CC0107 


STRA,R0 (MM 

STORE MH SVim 

0152 0094 17 


RETC,UN 

RETURN TO DISPLAV 

0153 

t 



0154 

•t THIS 

IS THE DISPLAV ROUTINE 

0155 




0156 0095 75FF 

DISF* 

CPSL H'FF' 

CLEAR ALL BITS OF PSL 

0157 dd97 7702 


PPSL COM 

SET C(»1=l FM (CITH CIMfCES 

0158 



PRESET REGISTERS FM MONITM DISPLAV ROUTINE 

0159 dm 0500 


LM)LR1 OMS-l 

UPPER P(CT (F DIMLAV BIFFER L{KHTI(»<-1 

01^ 0096 06FF 


L(®LR2 >THRS-1 

LIFER PART 

0161 009D 0701 


L(S)LR3 1 

CODE FM (M SCAN (=WD RETUiW 

0162 009F 7620 


PPSU II 

INHIBIT INTERRMTS MILE DISPLAVING 

0162 00R1 ^6 


2BSR *H'1FE6' GO TO fMWITI® DISPLAV ROJTIfC 

0164 



(FTER CBC SCAN TMOUGH DISPLIW, M(S»(W HILL 

0165 

* 


CONTINUE EXECUTION MRE 

0166 ^ 7420 


CPSU II 

ENABLE INTERRUPTS - IF INTERRUPT HAS 

0167 



OCCMRED HILL GO TO INTERRMT RIWTHE AND THEN 

0168 



RETURN TO NEXT INSTRUCTION 
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THIN fiSSDIBLER VER 2.0 aOOC PROGRflH FOR INSTRICTO? M P«£ 0004 
Lite f»G« OBJECT E SOJRCE 

0i69 0WI5 1B6E KTR^UNDISP C0NTItt£ DISPLfl'i'ING 

0170 * 

0171 * MEIWRV fll®1 FOR DISPLflY BIFFER 

0172 * 


0173 00R7 

0174 

* 

ORG 

H'100' 

STf®T DISPLAY BUFFER AT H'l^ 

0175 01M 

THRS 

f^S 

1 

TENS OF M3URS 

0176 0101 

ms 

RES 

1 

IWIT mJKS 

0177 01K 

THIN 

RES 

1 

TENS OF HINUTES 

0178 0103 

UHIN 

RES 

1 

UNIT HINUTES 

0179 0104 

TSEC 

RES 

1 

TENS OF SEOmS 

0180 0105 

use 

RES 

1 

IWIT SECWIDS 

0181 0106 17 

SPACE 

DATA 

H'lT' 

BLANK SPACE 

0182 0107 

AfPH 

RES 

1 

A OR P SYim 

0183 

* 




0184 

* EM) OF DISPLAY RJFFER 

0185 

* 




0186 0108 

FRfC 

RES 

1 

60THS OF ^C COtf^TK 

0187 

0188 0000 

4c 

END 

START 



TOTAL feSE«a.V ERRORS = 0000 



The simple programs described above are designed to demonstrate some of the 
capabilities of the INSTRUCTOR 50 and to give you a feel for how the system 
works. Additional programming examples are presented in subsequent sections 
of this manual. 
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3. SYSTEM OVERVIEW 


Introduction 

A simplified block diagram of the INSTRUCTOR 50 system is shown in Figure 
3.1. Major system components include: 

• 2650 8-bit, N-channel microprocessor 

• 2656 System Memory Interface (SMi) 

• Sixteen-key hexadecimal keyboard 

• Twelve-key function selection keyboard 

• Eight-digit, 7-segment display 

• Audio tape cassette interface 

• SlOO-compatible expansion bus 

• User System Executive (USE) monitor 

• Debugging aids 

• On-board user Input/Output 

• Forced jump logic 

• 512 bytes of on-board user RAM 

• Crystal-controlled system clock 


2650 Microprocessor 

The 2650 processor is a single-chip microprocessor made using an ion-implant¬ 
ed, N-channel silicon-gate process. It has a fixed command set of 75 instruc¬ 
tions, operates on 8-bit parallel data and can address 32,768 bytes of 
memory. All bus outputs of the 2650 are three-state and can drive either one 
7400-type load, or four 74LS loads. 

The 2650 contains a total of seven general-purpose registers, each eight bits 
long. They may be used as source or destination for arithmetic operations, as 
index registers, and for Input/Output (I/O) data transfers. 

The processor instructions are one, two, or three bytes long, depending on the 
instruction. Variable length instructions tend to conserve memory space since 
a one or two-byte instruction may often be used rather than a three-byte in¬ 
struction. The first byte of each instruction always specifies t e operation 
to be performed and the addressing mode to be used. Most instructions use six 
of the first eight bits for this purpose, with the remaining two bits as an 
operation code. 

The 2650 has a versatile set of addressing modes used for locating operands 
for operations and an interrupt mechanism which is implemented as a single 
level, address vectoring type. Address vectoring means that an interrupting 
device can force the processor to execute code at a device-determined location 
in memory. 

Detailed hardware and software information on the 2650 microprocessor is pro¬ 
vided in Chapter 9. 


3-1 




Figure 3.1 


Instructor 50 Basic Block Diagram 







2656 System Memory Interface 

The Signetics 2656 System Memory Interface (SMI) contains Read-Only Memory 
(ROM), Random-Access Memory (RAM), and a programmable I/O port. 

Two notable features are onboard decoders that make it possible to place the 
ROM and RAM anywhere in the memory space and an I/O port that can be set up as 
either a bidirectional port or as chip-select lines. The chip-select capa¬ 
bility eliminates a great deal of the TTL that usually surrounds micropro¬ 
cessors. The 2K USE monitor, 128 bytes of scratchpad memory, I/O decode 
logic, and the system clock are housed in the 2656 SMI. 


Keyboards 

A 16-key hexadecimal keyboard and a 12-key function control keyboard enable 
you to communicate with the INSTRUCTOR 50. Both the hexadecimal keyboard and 
the function keyboard are under control of the USE monitor. The monitor per¬ 
forms a scanning process to determine what key has been depressed and what ac¬ 
tion is to be taken by the INSTRUCTOR 50 as a result of the depression. A 
functional description of the various controls and indicators is provided in 
Chapter 4. 


Display Panel 

The 8-digit, 7-segment display panel provides responses to input commands and 
guides you in the use of the INSTRUCTOR 50 by displaying prompting messages 
describing the data that must be entered. 

Messages or responses are displayed using the seven-segment display font il¬ 
lustrated in Figure 3.2. Note that the characters *b* and *d' are always dis¬ 
played with the right-hand decimal point attached in order to distinguish 
these characters from the number ’6*. 

Figure 3.2 also shows the hexadecimal code required in the monitor's display 
buffer to display the character illustrated. To display a character with a 
right-hand decimal point attached, H*80* must be added to the value given. 
For example, H*07' will display '7*, while H*87' will display *7.*. Refer to 
Chapter 6 for additional information on the use of the monitor's display sub¬ 
routine. 


Audio Cassette Interface 

An audio cassette interface lets you load and store programs into and out of 
RAM. The storage medium is any audio cassette recorder. 

S100-Compatible Expansion Bus 

The INSTRUCTOR 50 includes an SlOO-compatible expansion bus connector so that 
other standard products, such as additional memory or prototyping cards, can 
be used with the system. This connector carries all of the 2650*s I/O signals 
in addition to control signals required by the SlOO bus. (See Chapter 7.) 
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Figure 3.2: Instructor 50 Display Font 
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Monitor Firmware 


The USE (User System Executive) monitor supervises operation of the INSTRUCTOR 
50 and allows you to enter and alter programs, execute these programs in con¬ 
tinuous or single-step modes, and perform a number of auxiliary functions. 
Monitor commands are entered via the control keys and the hexadecimal key¬ 
board, and responses are displayed on the monitor display. 

A basic flowchart of the monitor is shown in Figure 3.3. The monitor normally 
idles in the scan display and keyboard mode. If a key closure is detected 
during the scan, the monitor verifies that this is a new key closure (that any 
previously depressed key had been released), extinguishes the display, per¬ 
forms a keyboard debounce function, and then performs the requested function. 
The monitor then resumes the display and keyboard scan. 

Monitor functions are terminated by depressing a new function key. Interrupts 
are inhibited while the monitor is running. 


Debugging Aids 

Two key features incorporated into INSTRUCTOR 50 are designed specifically for 
program debugging. These features are: 

1. The ability to set a breakpoint that automatically interrupts execu¬ 
tion of programs at any point without loss of hardware or software 
status. 

2. The ability to step through a program one instruction at a time. 

When a breakpoint is encountered during program execution or when a single in¬ 
struction is executed in the single-step mode, control is returned to the 
monitor at which time you may examine the 2650 registers, the Program Status 
Word (PSW), and the program counter to determine the status of the microcom¬ 
puter. You can then continue execution, set a new breakpoint, or resume the 
single-step operation. While in the monitor mode, you may change any register 
value, including the PSW and program counter, and you may alter memory loca¬ 
tions . 


On*Board User I/O 

Both parallel and serial I/O are available in the INSTRUCTOR 50. The parallel 
I/O port provides 8 switch inputs and 8 individual Light-Emitting Diodes 
(LEDs) as a latched output port. A single LED is attached to the processor's 
FLAG output, and the SENS key on the function control keyboard allows you to 
test the processor's SENSE input. Additionally, you may exercise interrupt 
operation by using the interrupt (INT) key on the function control keyboard. 
See Chapter 6 for a discussion of the INSTRUCTOR 50's I/O capabilities. 


3-5 



• INITIALIZE SYSTEM 

• DISPLAY ^'HELLO" 




Figure 3.3: Basic Use Monitor Flow Chart 












Forced Jump Logic 

The Forced Jump Logic performs the following functions: 

• Entry into the MONITOR mode when power is applied to the INSTRUCTOR 50 
or when the MON key is depressed. 

• Re-entry to the MONITOR mode after executing one instruction in 
single-step operation or upon detection of a breakpoint. 


Memory and I/O Organization 

512 bytes of RAM storage is provided for storing user programs and data. The 
RAM area may be expanded via the expansion bus connector. 

Partitioning of the INSTRUCTOR 50*s memory and l/O locations is illustrated in 
Figure 3.4. The supplied user memory occupies locations H*0000* to H*01FF* 
and may be expanded to occupy locations H*0200* - H’OFFF* and H’2000* - 

H*7FFF*. The extended I/O ports from H*00' to H'F7* are available for program 

use. Ports H*F8* to H*FF’ and memory locations H'lOOO* to H'lFFF* are re¬ 

served for the USE monitor. 

An additional 64 bytes of RAM storage is available to user programs for stor¬ 
ing data values . This additional storage space occupies memory locations 
H*1780* to H*17BF'. Because of the way the USE monitor operates, instructions 
should not be stored at these locations. 

The INSTRUCTOR 50 I/O data port is assigned one of three locations, depending 

on the setting of the Port Address Select Switch. These are memory address 

H*0FFF*, extended I/O address H’07*, or non-extended I/O Port D. 

Clock Circuitry 

The 2656 SMI provides the clock circuitry for the INSTRUCTOR 50. A 3.579545 
MHz crystal is used to provide the reference frequency. 


Internal Power Supply 

The INSTRUCTOR 50 uses a self-contained A-C power pack that produces 8 VAC (9 
1.5A. An on-board rectifier and regulator reduces this to 5 VDC. A jumper 
option permits the use of an alternate 8 VDC source. The INSTRUCTOR 50 may be 
plugged into any standard 115 VAC domestic wall socket. (European models re¬ 
quire 220 VAC primary power.) 
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Memory And I/O Organization 




4. CONTROLS AND INDICATORS 


Introduction 

This chapter provides a brief functional description of the various keys, 
switches and indicators associated with the INSTRUCTOR 50. See Figure 4.1. 

The 12-key Function Control Keyboard and the 16-key Hexadecimal keyboard en¬ 
able you to communicate with, enter data, and perform the various system func¬ 
tions associated with the INSTRUCTOR 50. The 8-digit display is used by the 
USE monitor to display responses to keyed input commands. The other switches 
and indicators are associated with various INSTRUCTOR 50 facilities. 


Function Control Keyboard 

The keys in the left-most column of the function control keyboard (SENS, INT, 
MON, and RST) are used primarily for system control. All other keys on this 
keyboard perform functions associated with entry, execution, and debugging of 
programs. 

The RST and MON keys are active at all times. All other keys except SENS and 
INT are normally active only during the monitor mode. Depressing these keys 
while executing your program has no effect. The SENS and INT keys are active 
only during execution of a program and have no effect on monitor operation. 

However, you may take advantage of the INSTRUCTOR 50’s keyboard and display 
facilities by incorporating calls to the monitor subroutines controlling these 
devices as part of your program. See Chapter 5 for a description of these 
subroutines. 
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Figure 4.1: Controls and Indicators 


KEY FUNCTION 

SENS Controls the SENSE input to the 2650 when executing a user pro¬ 

gram. The SENSE input is normally a logic *0*. Depressing the 
SENS key will set the SENSE input to a logic *1*. 

INT Allows you to manually interrupt the processor when executing a 

program. When this key is depressed, an interrupt sequence be¬ 
gins, resulting in the processor being vectored to or through me¬ 
mory location 07. The Direct/Indirect switch on the INSTRUCTOR 
50 panel determines whether an instruction at location 07 is exe¬ 
cuted (Direct), or whether location 07 contains a branch address 
to another location in the user memory (indirect). A switch ac¬ 
cessible through a cutout in the bottom panel permits interrupts 
to be controled by the AC line input frequency. See Chapter 5 
for more information on INT options. 
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MON 

RST 

WCAS 

RCAS 

STEP 

RUN 

BKPT 

REG 


MEM 


ENT NXT 


Termintes any operation in process and causes the forced jump 
logic to output a jump instruction sequence resulting in an entry 
to the monitor mode. The response to a depression of the MON key 
is the message HELLO on the display panel. 

When this key is depressed, any current operation is terminated, 
and a RESET signal is applied to the 2650 causing program execu¬ 
tion to begin at address zero. The system does not enter the 
monitor mode when this key is depressed. 

Allows programs to be transferred from the INSTRUCTOR 50 memory 
to audio cassette tape. 

Allows programs to be transferred from audio cassette tape to the 
INSTRUCTOR 50 memory. 

Causes the 2650 to execute a single program instruction and re¬ 
turn to the monitor mode, displaying the address of the next in¬ 
struction to be executed on the monitor display. 

Depressing this key terminates the monitor mode and causes pro¬ 
gram execution to begin at previously specified address. Program 
execution continues until (1) a breakpoint is encountered; (2) 
the RST or MON keys are depressed; or (3) the program executes a 
WRTC or HALT instruction. 

Allows you to specify and examine a program breakpoint. 

Places the INSTRUCTOR 50 in the Display and Alter Registers 
mode. In this mode, you may examine and alter the contents of 
the 2650*s general-purpose registers, the program counter value, 
and the value of the Program Status Word (PSW). This key is also 
used to initiate entry into the ADJUST CASSETTE and FAST PATCH 
commands. See Chapter 5. 

Places the INSTRUCTOR 50 in the Display and Alter Memory mode. 
In this mode you may specify memory locations that you wish to 
examine, and you may alter the contents of these memory locations. 

Enters keyed-in data into memory or registers and also causes the 
contents of the next sequential memory or register location to be 
displayed. The use of this key during the various monitor opera¬ 
tions is described in the detailed command descriptions, Chapter 

5. 


Hexadecimal Keyboard 

The 16-key hexadecimal keyboard (0 through 9 and A through F) is used to enter 
address and data parameters as required. This keyboard is also used in con¬ 
junction with the REG key on the function control keyboard to enable certain 
commands. See detailed command descriptions, Chapter 5. 



Eight-Digit Hex Display Panel 

The 8 -digit display panel is used by the monitor to display prompting messages 
and responses to keyed input commands. It also displays prompting messages to 
guide you in the operation of the INSTRUCTOR 50. 


Port Data Input Switches 

These eight switches are used to specify a byte of input data at the parallel 
I/O port. This value is read when the 2650 executes a read I/O port instruc¬ 
tion. 


Port Data Indicators 

The eight I/O port LEDs reflect the current value in the parallel output port 
latch. This latch is loaded with the contents of an internal register by a 
write I/O port instruction. 


Direct/lndirect Interrupt Switch 

This switch determines whether the 2650 executes a direct or indirect branch 
to subroutine when it acknowledges an interrupt request. 

Port Address Select Switch 

This switch selects the manner in which the parallel I/O port is addressed. 
The three modes are: non-extended I/O - Port D, extended I/O at port address 
07 15 , and memory mapped I/O at address OFFF 15 . 


FLAG Indicator 

This LED indicates the current value of the FLAG bit in the 2650’s Program 
Status Word. If the FLAG bit is a one, the LED is on. If the FLAG bit is a 
zero, the LED is off. 


RUN Indicator 

The RUN in<!icator reflects the operating status of the 2650. VJhen the 2650 
is executing either the monitor program or a user program, the RUN light is 
on. The RUN light is off when the 2650 has? executed a HALT instruction or 
when the PAUSE line of the SlOO interface has been driven low. 
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5. COMMAND DESCRIPTIONS 


Introduction 

This chapter describes the various commands available to the INSTRUCTOR 50 
user. These commands include: 

DISPLAY AND ALTER REGISTERS 
DISPLAY AND ALTER MEMORY 
PAST PATCH 

DISPLAY AND ALTER PROGRAM COUNTER 

BREAKPOINT 

STEP 

WRITE CASSETTE 
ADJUST CASSETTE 
READ CASSETE 
RUN 
RESET 

In this chapter, each pair of facing pages discusses a single command. The 
left-hand page is devoted to text, while the right-hand page actually shows 
what is displayed on the monitor display panel i^en specific keys are depress¬ 
ed, The circled numbers imbedded in the text on the left-hand page correspond 
with the circled ntimbers on the right-hand page . 

A discussion of the INSTRUCTOR 50's error messages is presented at the end of 
this chapter. 
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DISPLAY AND ALTER REGISTERS 


FUNTION: This command allows you to inspect and alter, if desired, the con¬ 

tents of the 2650*s general-purpose registers and/or Program Status Word (PSW). 

PROCEDURE: 

1. Depress the | REG | key followed by the register aUdress 

corresponding to the first register to be inspected, ac¬ 

cording to the following table: 


REGISTER 

ADDRESS REGISTER 


0 

1 

2 

3 

4 

5 

6 

7 

8 


RO 

Rl, bank 0 
R2, bank 0 
R3, bank 0 
Rl, bank 1 
R2, bank 1 
R3, bank 1 
PSU 
PSL 


2. The contents of the register are displayed as two hex digits in the data 
field of the display. 

3. The register conten ts may be modified at this time by keying in a new 

value followed by IeNT/NXT . The numbers keyed in and appearing in the 

DATA display field are displayed there only and can be edited by simply 
keying in the correct characters (^. The display shifts to the left 
each time a new character is entered, and characters shifted out of the 
two-digit field are lost. The hex value ap pearing on the display is de¬ 
posited in the register when the ENT/NXT} key is depressed. (1^ 

4. When the |ENT/NXT key is depressed after step 2 or 3, the next higher 

register in sequence will be displayed as in step 2 unless the PSL 

is being di^layed, in which case RO will be the next register dis¬ 
played. (1^ 

5. The command is terminated by initiating any other command. 

6 . If the keys 9, B, D, or E are depressed following REG | in step 1, the 

key depression will be ignored. If the keys A, C, or F are depressed, the 

INSTRUCTOR 50 will enter the ADJUST CASSETTE, DISPLAY AND ALTER PROGRAM 
COUNTER, or FAST PATCH commands, respectively. See appropriate command de¬ 
scriptions . 


5-2 





DISPLAY AND ALTER REGISTERS 


EXAMPLES 


KEY 

DISPLAY 



REG 



r = 



4 

_ 



.r4 = 7E 



ENT/NXT 



iBI 



ENT/NXT 




_ 



COMMENTS 


Awaiting register address 


@ 

® 


Rl, 

bank 

1 

= H' 

7E' 

R2, 

bank 

1 

= H' 

OF' 

R3, 

bank 

1 

= H' 

13' 


Example A: Examine contents of R1 - R3 of bank 1 


KEY 


DISPLAY 


COMMENTS 




REG 



1ENT/NXT 


□ 0 

® 

□ H 

@ 

1 ent/nxt| 




il 





.PU = 04 





.PL = 53 





00 

II 

• 





.PL = 40 





.rO = 72 


Awaiting register address 
PSU = H*04* 

PSL = H’53’ 

Wrong data entered 

Correct data entered 


Entered data deposited in 

PSL and RO contents displayed, 


Example B: Examine contents of PSW and change contents of PSL to H*40’ 
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DISPLAY AND ALTER MEMORY 


FUMCTIOHs Allows; you to examine and optionally alter the contents of memory 
locations individually. This command is particularly useful when you are (de¬ 
bugging your program and wish to examine, verify an<d/or change the contents of 
memory locations# 

PROCIBURE; 

1# Depress the | HEM | key followed by the address of the memory loca¬ 

tion to be inspected. (2J If fewer than four digits are entered, the 
digits entered are used as the least-significant hexadecimal digits of the 
address. If more than four digits are entered, the last four digits 

are used as the address. 

2. Depress the ENT/NXT key to display the contents of the specified 

memory location. The contents are displayed as two hexadecimal digits in 
the data field of the display. 

3. You amy continue to exami ne the contents of sequential memory locations by 

depressing the ENT/NXT] key. If you wish to alter the contents 

of any memory location, enter the new data via the hexadecimal key¬ 
board. (s) Only the last two digits entered are retained, so that an 

error in entry can be corrected by entering the correct data. To deposit 

n ew data i nto the specified memory location, you may either depress 
ENT/NXT] kev or transfer control to a new function by depressing a 
function key. 

Each time new data is specified, the monitor performs a read-after-write 
check to verify that you are not attempting to write into a ROM area or 
into non-existent memory. If the check fails, erro r me ssage 3 is dis¬ 
played. To recover from this error, depress the ImEM | key and repeat 
the cycle correctly. 
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DISPLAY AND ALTER MEMORY 


EXAMPLES 


® 

@ 

@ 

® 


KEY 

DISPLAY 



MEM 



.Ad. = 



he: 



.Ad. = 10 



ENT/NXT 



.0010 02 



ENT/NXT 



.0011 FF 




COMMENTS 


Awaiting memory address 


10 = Address of memory location 
examined 

H' 02 * = contents of memory 
0010 

Address and contents of next 
tial memory location 


to be 

location 


sequen- 


Example A: Examine contents of memory location 0010, and move to 
next sequential memory location. 


KEY 


DISPLAY 


COMMENTS 


© 

MEM 


2 


® 

ENT/NXT 

® 

0 

[E] 




REG 


.Ad. = 


.Ad. = 22 


.0022 06 


.0022 05 


.r = 


Awaiting memory address 


Address of memory location to 
be examined 

H*06* = Contents of memory lo¬ 
cation 0022 

Desired contents of memory lo¬ 
cation 0022 entered and dis¬ 
played. 

H*05* deposited into memory lo¬ 
cation 0022, Display and Alter 
Memory command is terminated, 
and monitor enters Display and 
Alter Registers command. 


Example B; Examine contents of memory location 0022, change data, 
and transfer control to another function. 
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FAST PATCH 


FUNCTION; The FAST PATCH command allows you to enter long strings of data in¬ 
to memory from the hexadecimal keyboard. Once the starting address is select¬ 
ed, data is loaded into memory sequentially—one byte for every two hex keys 
depressed. Once keyed in, data may not be changed in the FAST PATCH mode. To 
change data, you must use the DISPLAY AND ALTER MEMORY command or re-enter the 
FAST PATCH command starting at the address where the change is required. 

PROCEDURE 

1. To enter the FAST PATCH command, dep ress the REG| key on the fjiU" 

ction control keyboard followed by | F ] on the hexadecimal keyboard. 

2. Enter the desired starting address on the hexadecimal keyboard. 

NOTE ; You may bypass this step and go directly to step 3 to begin at a 
known starting address. The starting address is known under any one of 
the following conditions; 

a) When a file has been read into memory from a cassette tape by the IN¬ 
STRUCTOR 50. The file's starting address will be the beginning ad¬ 
dress for the FAST PATCH. 


b) The address from which the last exit from the DISPLAY AND ALTER MEMORY 
or FAST PATCH command took place. 


3. 

Depress the ENT/NXT 

key 

on the function control keyboard 

to 

set 


the starting address. 

Data 

may now be entered into 

the 

specified 

address. 

4. 

Enter desired data for 

the ' 

displayed address as two 

hex 

digits. 

© 

Con- 


tinue entering data in 

this 

manner until all data 

is 

entered. 

The 

IN- 


STRUCTPR 5J1 auji^majtically increments the memory address as data is enter- 
ed. @@©@ 

5. Exit the.^'AST PATCH mode by depressing 
key. 

6 . A read-after-write check is performed as each byte is deposited. The IN¬ 

STRUCTOR 50 will display Error 3 if data cannot be stored. 


or another function 
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FAST PATCH 


EXAMPLE 


KEY(S) 


DISPLAY 



@ [lIIZII 

I ENT/NXT 

® li][EII 

® Hizn 
® nrn 
® unzn 
® 

@ j MEM 



Awaiting starting memory address< 


Starting address entered, 


Starting address set. 


Data entry, 


Exit from FAST PATCH mode. 


Enter Data String ”12 13 14 15 16” into Successive Memory 

Locations Starting at Address H'lO* 
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DISPLAY AND ALTER 
PROGRAM COUNTER 


FUNCTION: The DISPLAY AND ALTER PROGRAM COUNTER command allows you to examine 
or change the address of the first instruction to be executed by the 2650 dur¬ 
ing execution of a RUN or STEP command. 


PROCEDURE: 


1. To entfsr the DISPLAY AND ALTER PROGRAM COUNTER command, depress the REG 

key on the funcJ^.on control keyboard followed by | C | on the hexa- 

decimja keyboard. 

2. The display will shpw the current Program Counter (PC) value as four hexa¬ 
decimal digits. 


3. If you want to change the^C address, enter 
hexadecimal keyboard. 


the desired address on the 


NOTE: For a multiple-byte instruction, the address entered is the address 
of the first byte. 


4. 


Depress any command key on the function 

desired starting address. If the 


ENT/NXT 


50 transfers control to the DISPLAY AND ALTER 


control keyboard to set the 
key is used, the INSTRUCTOR 
REGISTERS command. 
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DISPLAY AND ALTER 
PROGRAM COUNTER 


EXAMPLE 



m 




m 




Set Starting Address for RUN Command to H'0017' 
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BREAKPOINT 


The BREAKPOINT COMMAND allows you to enter, clear, or examine a program break¬ 
point. A breakpoint returns system control from the executing porgram to the 
monitor and enables you to examine the state of the memory and processor reg¬ 
isters, make modifications, if desired, and continue program execution from 
the point of interruption. 


PROCEDURE; 


1. Depress the 


BKPT 


key on the function control keyboard (jM to place 


the INSTRUCTOR 50 in the breakpoint mode 

2. The monitor will display either: 

a) A blank data field if a breakpoint address was not specified pre¬ 
viously. (ij 

b) The address of the breakpoint previously entered. 

3. Enter the desired breakpoint address on the hexadecimal keyboard. 

If the desired address is already displayed, as in step (2b), re-entry is 
not required. 


4. 


NOTE: If a breakpoint is set at a multiple-byte instruction, the address 
specified for the breakpoint should be the address of the first byte. 


Depress the ENT/NXT1 key 


breakpoint at the address displayed. 


.0 

LSplav 


or another function 


key 


to set the 


5. To clear a breakpoint, depress the 


BKPT 


key twice in 


succession. 



NOTE: The breakpoint is inserted into your program when you enter the execu¬ 
tion mode via the RUN command. When the breakpoint is encountered during pro¬ 
gram execution, the breakpoint address and contents are displayed, preceded by 
a (minus) sign. The instruction at the breakpoint address is restored and 
executed prior to this display, and the Program Counter is updated to the ad¬ 
dress of the instruction following the breakpoint. 


ERROR MESSAGES 


During specification of the breakpoint address, the INSTRUCTOR 50 may display 
one of the following error messages: 


ERROR 1 If the user attempts to specify a breakpoint address in the IN¬ 
STRUCTOR 50*s ROM add ress s pace or in non-existent memory. To clear 
this error, depress | BKPT | once. 


ERROR 2 


If the user attempts to enter a new breakpoint address 
set a previous breakpoint address by depression of 
key. To clear this error, depress any function key. 
breakpoint address will be saved. 


after having 


the 

The 


ENT/NXT1 
original 






BREAKPOINT 



Set Breakpoint at Address H'0044' and then clear it. 
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STEP 


FUNCTION: Causes the 2650 to execute a single instruction and return to the 
MONITOR mode, displaying the address of the next instruction to be executed on 
the monitor display. 

PROCEDURE: 


1. Enter the address of the first instruction to be jaxecuted as described 
under DISPLAY AND ALTER PROGRAM COUNTER command. 

2. Depress the |STEP | key. (?) The INSTRUCTOR 50 will execute a single 
instruction and display the address of the next instruction to be executed 
and the data at that address. 

3. At this point you may examine and alter memory and/or register values if 
desired by using the appropriate commands. 

4. Continue as in step 2 to repeat the single-step operation. ( 4 ^ 

5. To exit the single-step mode, depress any function key. 

6. Note that a breakpoint, if entered, is ignored during single-step opera¬ 
tion. 


The single-step sequencer and the forced jump logic are used in this mode of 
operation. Foll owing is the sequence of operations executed by the monitor 
when the |STEP key is depressed: 


a) The monitor SINGLE STEP flag is set. 

b) Register contents previously stored upon entry to the monitor are re¬ 
stored to the 2650. 


c) The monitor executes a ’’hidden single step” to determine how many cy¬ 
cles are contained in the instruction to be stepped. 

d) The monitor permits execution of one user program instruction by 
counting the predetermined number of cycles. 

e) The registers (RO - R3, Rl’ - R3’ and PSW) are saved. 

f) The Program Counter is updated to the next instruction. 

g) The address in the Program Counter and data at that address are dis¬ 
played. The SINGLE STEP flag is cleared. 

h) The monitor exits to the KBD SCAN routine to await user’s input. 
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STEP 


EXAMPLE 


KEY(S) 


DISPLAY 


COMMENTS 


© 

@ 

© 

© 

© 


IrEg] fc] fTl 1 ENT/NXT 


[ 


STEP 


STEP 


STEP 


REG 


r = 


OOOA 42 


OOOB CC 


OOOE‘ 20 


r = 


Starting address H*0008* entered, 


Single step executed.* Next instruc¬ 
tion is at H*000A*, and op-code is 
H’42* (ANDZ, R2). 


Next instruction op-code is H*CC* 
(STRA, RO). 


Next instruction op-code is H*20* 
(EORZ, RO). 


Exit single step. 


Single step three instructions starting at address H'0008* 


* Since the displayed address is two greater than the starting address 
(H'OOOA* - H*0008* =2), the first instruction executed was a two-byte in- 
stuction. 
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WRITE CASSETTE 


FUNCTION: The WRITE CASSETTE command allows you to write programs and data 
from memory onto cassette tape. Any good quality audio cassette tape recorder 
may be used as the output device. The data transfer rate is approximately 300 
bits per second. 

PROCEDURE: 

General Installation 

• Connect the INSTRUCTOR 50*s Cassette-Out Jack to the microphone (MIC) in¬ 
put of the cassette deck using the appropriate cable supplied with the IN¬ 
STRUCTOR 50 package. 

• Install tape in transport. 

• Make certain that the tape is positioned so that previously recorded files 
will not be destroyed when the WCAS command is issued. 

• Adjust recorder’s input level control, if one is provided, to normal re¬ 
cording level. 


Operation 


1. Depress the ] WCAS ] key (T) to place the INSTRUCTOR 50 in the WRITE 

A _J ^ 


CASSETTE mode. 

2. Enter the lower (beginning) address of the file to be written. 

3. Depress the ENT/NXT key to set the lower address. 

4. Enter the upper (ending) address of the file to be written. 

5. Depress the ENT/NXT key to set the upper address. 

6 . Enter the program start add^ss (the address at which you want your pro¬ 
gram to begin executing). 

7. Depress the ENT/NXT key to set the start address. 

8 . Enter the file identification (ID) number. 

NOTE: The file ID may be any hex value between 00 and FF. If no ID is 

entered, the default file number is 00 . 

9. Place the cassette deck in the RECORD mode. 

10. Depress ENT/NXT key. This starts a five-second delay prior to 

actual memory dump to tape. The INSTRUCTOR 50 flashes the FLAG Indicator 
at one-sec^md intervals during this delay. The message HELLO is dis¬ 
played when data transfer to tape is completed. 
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WRITE CASSETTE 


11. During the recording process, a visual indication of the *durap* can be ob¬ 
served on the I/O port indicators by placing the I/O Port Address Select 
Switch in the EXTENDED (center) position. 


Tape Deck Shutdown 

• Turn the audio tape recorder off. 

• If the tape deck has a counter, note its value for future reference. 

• Disconnect tape deck and remove and store tape cartridge. 

Error Messages 

The INSTRUCTOR 50 will display the message 'Error 7* if the value of the spe¬ 
cified upper address is less than the value of the lower address. 

EXAMPLE 


© 

© 

© 

© 

© 

© 

© 

© 

© 


KEY(S) 


DISPLAY 


COMMENTS 


I WCAS 




ENT/NXT 

QH 

I ENT/NXT 

Qum 

I ENT/NXT 

m 


ENT/NXT 


L.Ad. = 


L.Ad. = 0 


U.Ad. = 


U.Ad. = 76 


S.Ad. = 


S.Ad. =10 


.F = 


.F = 1 


HELLO 


Waiting for lower address of file to 
be written onto tape. 

Lower address entered. 

Lower address set. Waiting for upper 
address. 

Upper address entered. 

Upper address set. Waiting for start 
address. 

Start address entered. 

Start address set. Waiting for file 
number. 

File ID entered. 

File address set. Write data to cas¬ 
sette tape completed. 


Write a file to tape with the following parameters: 
File Number = 1 
Beginning Address = 0 
Ending Address = H'76* 

Program Start Address = H*10* 
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ADJUST CASSETTE 


FUNCTION: The ADJUST CASSETTE command allows you to adjust the output level 
of a cassette recorder for proper interface to the INSTRUCTOR 50 during a READ 
CASSETTE operation. 

While most conventional audio cassette recorders are compatible for use with 
the INSTRUCTOR 50, the playback volxjHne control must be accurately adjusted to 
ensure proper detection of data by the INSTRUCTOR 50. Otherwise, the data 
signal may be distorted (volume too high) or may drop below detection thres¬ 
holds (volume too low). 

PROCEDURE: 

General Installation 


1. Check to ensure that the cassette recorder's playback heads and transport 
mechanism are clean and free from any obstructions. 

2. Install tape in transport and rewind to an area known to contain a pre¬ 
viously recorded file. 

3. Connect the INSTRUCTOR 50*s PHONE jack to the cassette deck's PHONE or 
SPEAKER output jack using the appropriate cable supplied with the IN¬ 
STRUCTOR 50 package. 

Operation 

1. Plac e the INSTRUCTOR 50 in the ADJUST CASSETTE mode by depressing the 
REG I key on the function control keyboard followed by | i^| on the hexa¬ 
decimal keyboard. TlJ 

2. Start playback of previously recorded data. 

3. Adjust tape deck VOLUME or LEVEL control. The following three digits 
will be displayed intermittently during the adjustment process: 

U Increase volume 

d. Decrease volume 

- volume control adjusted correctly 

4. When a minus sign (-) is displayed, the audio cassette's playback 

volume is properly adjusted. 

5. During the adjust process, the I/O Port indicators can also be used to 
observe data being read by the INSTRUCTOR 50 if the I/O Port Address 
Switch is placed in the EXTENDED (center) position. The display has the 
following significance: 

All LEDs OFF Indicates proper operation or no data. 
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Some negative number (LED 
bit 7 ON) 

Some positive number (LED 
bit 7 OFF) 


Indicates that the playback level is too 
low - not enough pulses. 

Indicates that the playback level is too 
high. Tape "noise” is being detected 
too many pulses. 


6 . 


7. 


When level is properly set, turn 
Depress the | MON | key to 


off the cassette deck. 

exit from the ADJUST CASSETTE routine. 


EXAMPLE 



© 

© 

© 


KEY(S) 

DISPLAY 

COMMENTS 

■refi fn 

u 

Places INSTRUCTOR 50 in the ADJUST 



CASSETTE mode. Increase playback 



level. 



d. 

Decrease playback level. 



Playback level properly set. 


HELLO 

Exit ADJUST CASSETTE mode. 
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READ CASSETTE 


FUNCTION: The READ CASSETTE coramand allows you to read files previously stor¬ 
ed on cassette tape using the WRITE CASSETTE command and store these files in 
the specified RAM locations. 


PROCEDURE: 

General Installation 


1. Check to ensure that the cassette recorder's playback heads and transport 
mechanism are clean and free from any obstructions. 

2. Install tape in transport and rewind to desired file location. 

3. Connect the INSTRUCTOR 50*s PHONE jack to the cassette deck PHONE or 
SPEAKER output jack using the appropriate cable supplied with the IN¬ 
STRUCTOR 50 package. 

4. Adjust playback level to setting previously determined to be proper by 
ADJUST CASSETTE operation (See ADJUST CASSETTE command). 


Operation 

1. Depress the | RCAS] key to place the INSTRUCTOR 50 in the READ 

CASSETTE mode. 

2. Depress one or two hex digits ( 2 ^ corresponding to the file number de¬ 
sired to be read back. 


3. 


NOTE: The user may elect to read the first file encountered by omitting 

this step. 


Depress the 


ENT/NXT 


key 



to set the file ID number. 


4. Start the cassette deck in playback mode. The reading of data by the IN¬ 
STRUCTOR 50 can be visually observed on the I/O Port indicators by plac¬ 
ing the I/O Port Address Switch in the EXTENDED (center) position. 


5. 


When the reading of the specified 
will display the HELLO message. 



is 


completed, 


the INSTRUCTOR 50 


6 . Turn off the audio cassette deck. 


7. Data read from tape will be placed at consecutive memory locations start¬ 
ing at the beginning address specified when the file was created. The 
Program Counter (PC) will be set to the address specified as the program 
start address when the file was created. 
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READ CASSETTE 


Error Messages 

During the read-in process, any one of the following error messages may be 
displayed: 

• Error 4 - Cassette Block Check Character (BCC) error 

• Error 5 - Read Cassette Memory Write Error 

• Error 6 - Read Cassette character from tape not ASCII HEX 


EXAMPLE 




COMMENTS 

Places the INSTRUCTOR 50 in the READ 
CASSETTE mode. Waiting for file ID 
number. 


File ID number entered. 


Sets file ID number. Begins reading 
data into memory. 

File is fully loaded into memory. 


^Flashing I/O Port indicators at this point indicate 
that the file is being read. 
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RUN 


FUNCTION: Terminates the monitor mode and causes program execution to begin 
at the address specified in the Program Counter. Program execution continues 
until 1) a breakpoint is encountered, 2) the RST or MON key is depressed, or 
3) the user program executes a WRTC (Write to Port C) or HALT instruction. 

The RUN command allows program execution to begin at any point in the user 
program. It is particularly valuable, when used in conjunction with a set 
breakpoint, for debugging sections of a program. W\en the RUN key is depress¬ 
ed, the INSTRUCTOR 50 performs the following actions: 

1. If a breakpoint was set, the WRTC code is inserted at the specified 
breakpoint address and a monitor 'BREAKPOINT ENABLED* flag is set. This 
flag distinguishes a breakpoint *WRTC* from any other *WRTC* in the user 
program when control is returned to the USE monitor by the forced jump 
logic upon execution of a WRTC instruction. 

2. The processor registers are restored to the last values existing when 
control was returned to the USE monitor after a breakpoint or single 
step, or to the values specified by you in a DISPLAY AND ALTER REGISTERS 
operation. 

3. The INSTRUCTOR 50 switches to the execution mode by jumping to the ad¬ 
dress specified in the Program Counter. This address will be the address 
of the next instruction following a breakpoint or single step, or the ad¬ 
dress specified by you in a DISPLAY AND ALTER PROGRAM COUNTER operation. 
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RESET 


FUNCTION: When the RST (RESET) key is depressed, current INSTRUCTOR 50 ac¬ 
tivity is terminated immediately, and the processor begins program execution 
at address H'OOOO. Breakpoint and single-step flags, if set, are ignored. A 
high (logic one) level appears on the expansion connector RESET pin for as 
long as the key remains depressed. 

When the RESET key is used to initiate program execution from location 
H'OOOO*, the initial processor register values are unknown, and a breakpoint, 
if previously specified, is not inserted in the user program. Program execu¬ 
tion continues until any one of the following occurs: 

1. The RESET key is depressed again. 

2. A HALT instruction (H*40*) is executed. Upon detection of a HALT in¬ 
struction, the processor halts until the RESET key is depressed again or, 
if the Interrupt Inhibit PSW bit was not set, until an interrupt occurs. 

3. A WRTC Instruction is executed or the MON key is depressed. Control is 
transferred to the USE monitor and the HELLO message is displayed. When 
control is returned to the monitor, the address of the last memory fetch 
is saved in the Program Counter, and register values are saved in monitor 
RAM. These may be examined by using the appropriate commands. 

4. The processor's PAUSE input is raised high via the expansion connector. 
When this occurs, the RUN indicator light is extinguished. Program exe¬ 
cution will begin at the next instruction when PAUSE goes low. 
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ERROR MESSAGES 


The USE monitor incorporates extensive error checking firmware. If an error 
is encountered while attempting to execute a command, a message of the form 
’Error n’ is presented on the monitor display. Error messages are summarized 
in Table 5.1. 


• 

Error 

1 

BREAKPOINT CANNOT BE SET. 

• 

Error 

2 

INVALID COMMAND. 

• 

Error 

3 

ALTER OR PATCH MEMORY WRITE ERROR. 

• 

Error 

4 

CASSETTE BCC ERROR. 

• 

Error 

5 

READ CASSETTE MEMORY WRITE ERROR. 

• 

Error 

6 

CHARACTER FROM TAPE NOT ASCII HEX. 

• 

Error 

7 

START ADDRESS GREATER THAN STOP ADDRESS. 

• 

Error 

8 

KEYBOARD HAS 2 KEYS IN COLUMN DOWN. 

• 

Error 

9 

NEXT SINGLE STEP IS INTO MONITOR. 


TABLE 5.1: Error Messages 


Additional information on each of the above error messages is presented in the 
following paragraphs. 


Error 1 ^BREAKPOINT CANNOT BE SET* 

The display message Error 1 indicates that an attempt was made to set a break¬ 
point at a memory address which is not RAM. A breakpoint is entered by in¬ 
serting the WRTCjRO code H’BO’ into the memory address specified. A read- 
after-write check is then performed. If this test fails, the error message is 
displayed. 


Error 2 ^INVALID COMMAND* 

The display message Error 2 indicates that an incorrect command sequence was 
entered via the keyboard. 


Error 3 *ALTER OR PATCH MEMORY ERROR* 

The display message Error 3 indicates that an attempt was made to change the 
data at a memory address which is not RAM. When changing memory data during 
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an Alter Memory or Patch Memory operation, a read-after-write check is per¬ 
formed. If this test fails, the error message is displayed. 


Error 4 ^CASSETTE BCC ERROR* 

When data is written on tape vrith the WRITE CASSETTE command, a Block Check 
Character (BCC) is appended to the end of the file. The BCC is recalculated 
when data is read back with a READ CASSETTE command and compared with the BCC 
recovered from the tape. If the BCC's do not match, the message Error 4 is 
displayed, indicating that some problem has occurred in reading the tape. 


Error 5 *READ CASSETTE MEMORY V7RITE ERROR* 

Data read back from the tape is stored in the INSTRUCTOR 50 at consecutive 
memory locations starting at the address specified in the tape file. A read- 
after-write check is performed on each byte stored. If the test fails, the 
message Error 5 is displayed. 


Error 6 *CHARACTER FROM TAPE NOT ASCII HEX* 

Data written on tape uses the ASCII code for the characters 0 through F. The 
display message Error 6 indicates that a non-hex character was recovered from 
the tape. Correct adjustment of playback level should be verified using the 
ADJUST CASSETTE command. 


Error 7 *START ADDRESS GREATER THAN STOP ADDRESS* 

The display message Error 7 indicates that the start address in the WRITE 
CASSETTE command is greater that the specified stop address. The operation 
cannot be performed. 

Error 8 *KEYB0ARD HAS 2 KEYS IN COLUMN DOWN* 

The Error 8 message is displayed when the monitor detects that two keys are 
depressed simultaneously. The monitor cannot decode the action desired. 

Error 9 *NEXT SINGLE STEP IS INTO MONITOR* 

Single-step operation in the memory area reserved for the USE monitor (H'lOOO’ 
- H’lFFF’) is not permitted and will cause unpredictable results if executed. 
The display message Error 9 is a warning that such a single-step operation was 
attempted. 




6. USING THE INSTRUCTOR 50 


Restrictions on Using the 2650 Instruction Set 

When writing programs, the INSTRUCTOR 50 user has the complete 2650 micropro¬ 
cessor instruction set at his disposal. However, because of the interaction 
between the USE monitor and user hardware and software, certain restrictions 
must be observed: 


1) The USE monitor reserves the WRTC, Rx instruction (H*B0* - H*B3*) to 

indicate the location of a breakpoint in a user program. If this in¬ 
struction is executed in a user program, control of the system will re¬ 
turn to the monitor, and the message HELLO will be displayed. 

2) If a HALT instruction (H*40*) is executed, processor operation will 
terminate. This is indicated by the RUN indicator being extinguished. 
The only ways to reinitiate operation are to depress the RST key 
or, if interrupts were not inhibited, to cause an interrupt by depress¬ 
ing the INT key. 

If a breakpoint is set at a HALT instruction location, the monitor will 
prevent execution of the HALT, and normal operation will continue. 

3) The top of memory page zero is occupied by the USE monitor program. 
Therefore, the ZBSR and ZBRR instructions with negative displacements 
should not be used unless entry into the monitor program is -desired. 
The same applies to interrupt vectors with negative displacements. 

4) The USE monitor uses three levels of the 2650 subroutine Return Address 
Stack (RAS) in its operation. Since the RAS is limited to eight 
levels, user programs being developed under control of the USE monitor 
should be limited to a maximum of five levels of subroutines, including 
interrupt levels. 


Using Interrupts 

Interrupts provide a method of interfacing a synchronous program to asynchron¬ 
ous external events. An Interrupt Request forces the 2650 to temporarily 
suspend execution of the program currently running and branch to an interrupt 
service routine. Upon completion of the interrupt service routine, the 2650 
resumes execution of the interrupted program. 

The INSTRUCTOR 50 provides three methods of interrupting the 2650. The first 
method is a manual interrupt using the INT key on the function keyboard. 
The second method uses a 60Hz signal derived from the INSTRUCTOR 50's power 
supply to generate interrupt requests once every 16.7 ms. This option 
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accotnmodates user programs that require a real-time clock. (For European sys¬ 
tems, the real-time clock interrupts occur at a 50Hz rate or once every 20 
ms). The third method of interrupting the INSTRUCTOR 50 is via the SlOO bus 
interface. This section decribes the 2650's interrupt mechanism and provides 
details on selecting the interrupt options. 

The 2650*s interrupt mechanism can be selectively enabled or disabled at vari¬ 
ous points in a user program by setting or clearing the Interrupt Inhibit (ll) 
bit of the processor’s Program Status Word (PSW). If the Interrupt Inhibit 
bit has been set, the 2650 ignores interrupt requests. The Interrupt Inhibit 
bit may be cleared (thus enabling interrupts) in any of the following four 
ways: 

1) By resetting the processor (depressing the RST key); 

2) By executing a Clear Program Status Upper (CPSU) instruction with the 
proper mask value; 

3) By executing a Return from Subroutine and Enable Interrupt (RETE) in¬ 
struction; or 

4) By executing a Load Program Status, Upper (LPSU) instruction. 

The interrupt mechanism of the 2650 operates with a vectored interrupt. When 
the processor accepts an interrupt request, it responds by issuing an 
INTerrupt ACKnowledge (INTACK). Upon receipt of INTACK, the interrupting de¬ 
vice responds by placing an "interrupt vector" on the 2650 data bus. This 
vector is used as the address, relative to byte zero, page zero, of a branch 
to subroutine instruction. The interrupt vector may specify either direct or 
indirect addressing. A vector that specifies direct addressing causes the 
2650 to execute a subroutine branch to the address specified by the vector. 
If an indirect address is specified, the interrupt vector points to the first 
of two successive memory locations (interrupt vector and interrupt vector + 1) 

where the address of the interuupt subroutine is stored. In this case, the 
processor first fetches the two interrupt subroutine address bytes and then 
branches to the subroutine. Thus, a direct interrupt vector transfers the 
program to any location from -64 to +63 relative to byte zero, page zero, and 
an indirect interrupt vector can transfer the program to any location within 
the 2650*s 32K addressing range. 

If the Interrupt Inhibit bit has been cleared, the INSTRUCTOR 50 responds to 
an interrupt request with the following sequence of events: 

1) The 2650 completes execution of the current instruction. 

2) The processor sets the Interrupt Inhibit bit of the PSW (=1). 

3) The first byte of a Zero Branch to Subroutine Relative (ZBSR) instruc¬ 
tion is inserted in the 2650’s internal instruction register. 

4) The processor issues INTACK and waits for an interrupt vector to be re¬ 
turned on the data bus. 

5) The INSTRUCTOR 50’s interrupt logic places the interrupt vector (H’07’ 
or H’87’) on the data bus. Whether the interrupt vector specifies 
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direct (H*07*) or indirect (H*87*) addressing is determined by the set¬ 
ting of the Direct/Indirect switch on the front panel. If the switch 
is in the Direct position, the next instruction executed is the in¬ 
struction at address H'07*. If the switch is in the Indirect position, 
the next instruction executed is at the address contained in H*07* and 
H*08’. 

6) The 2650 executes the ZBSR instruction. The address of the next in¬ 
struction in the interrupted program is stored in he 2650*s internal 
subroutine address stack, and the stack pointer is incremented. 

7) When the interrupt subroutine is terminated with an RETE or RETC in¬ 
struction, the 2650 decrements the stack pointer, replaces the current 
value of the Program Counter with the address previously stored in the 
subroutine stack, and resumes execution of the interrupted program. 

Since the INSTRUCTOR 50 interrupt logic vectors interrupt requests through 
memory address H*07*, user programs that support direct interrupts must place 
the first byte of the interrupt subroutine at this address. If indirect sub¬ 
routines are used, the address of the interrupt subroutine must be stored at 
memory locations H’07* and H*08’. 

As interrupts may occur at any point in a user program, it is entirely pos¬ 
sible that they will affect the contents of the 2650*s internal registers with 
unpredictable results for the interrupted program. This probelm can be solved 
in two ways. The first way is to tightly control the portions of a user pro¬ 
gram that can be interrupted by selectively setting and clearing the Interrupt 
Inhibit (ll) bit in the PSW. The second method is to save the 2650*s internal 
registers and Program Status Word upon entering the interrupt subroutine and 
restoring them before returning from the subroutine. 

The INSTRUCTOR 50*s interrupt modes can be selected by a combination of switch 
settings and a jumper option on the printed circuit board. As mentioned pre¬ 
viously, the Direct/Indirect switch on the INSTRUCTOR 50*s front panel deter¬ 
mines whether the interrupt vector generated by the interrupt logic specifies 
direct or indirect addressing. Whether the 2650 responds to the INT key or 
the 60 Hz real-time clock is determined by the setting of a slide switch lo¬ 
cated at the bottom of the INSTRUCTOR 50 case. Optionally, devices external 
to the INSTRUCTOR 50 can generate interrupt requests via the SlOO bus inter¬ 
face. To accomplish this, a jumper option described in the last part of this 
section is used. 

Following are two programming examples that make use of the INSTRUCTOR 50*s 
interrupt facilities; 

Example 1 - Direct Interrupt 

This example is a complete program that first clears the parallel I/O port 
lights and then maintains a binary counter at the I/O port lights. The count 
is incremented each time the INT key is depressed. Prior to running this 
program, you must place the Direct/Indirect switch in the Direct position, and 
the I/O port address select switch in the Non-Extended position. 
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Address 

Data 

Instruction Mnemonic 

Comment 


0000 

76,20 

PPSU H'20' 

Set II - inhibit interrupts. 

0002 

75,08 

CPSL H'08' 

Operations without carry. 


0004 

1F,00,0A 

BCTA,UN,H'000A' 

Branch over interrupt 
routine. 

sub- 

0007 

84,01 

ADD1,R0,H'01’ 

Increment RO (counter). 


0009 

17 

RETG,UN 

Return from interrupt 
routine. 

sub- 

OOOA 

20 

EORZ,R0 

Clear RO (counter). 


OOOB 

FO 

WRTD,R0 

Write RO to the lights 
extended). 

( non¬ 

OOOC 

74,20 

CPSU H'20' 

Clear II (open interrupt 
dow). 

win- 

OOOE 

76,20 

PPSU H'20' 

Set II (close interrupt 
dow). 

win- 

0010 

IF,00,OB 

BCTA,UN H'OOOB' 

Branch back to WRTD. 



Example 2 - Indirect Interrupt 

This example performs the same function as above but uses indirect inter¬ 
rupts* The interrupt subroutine starts at address H*100*. This address is 
contained in program locations H*07* and H’08*. Prior to running this pro¬ 
gram, you must place the Direct/Indirect switch in the indirect position but 
retain the I/O port address select switch in the non-extended position. 


Address 

Data 

Instruction Mnemonic 

Comments 

0000 

76,20 

PPSU H'20' 

Set II - Inhibit Interrupts. 

0002 

75,08 

CPSL H'08' 

Operations without carry. 

0004 

IF,00,09 

BCTA,UN H'0009' 

Branch over interrupt address 

0007 

01,00 

AGON H'OlOO' 

Interrupt routine address. 

0009 

20 

E0RZ,R0 

Clear counter. 

OOOA 

FO 

WRTD,R0 

Write RO to the lights. 

OOOB 

74,20 

CPSU H'20' 

Clear II - enable interrupts. 

00 OD 

1F,00,0D 

BCTAjUN H'OOOD' 

Loop forever. 

0100 

84,01 

ADDljRO H'Ol' 

Increment counter. 
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0102 

FO 

TOTD,R0 

Write RO to the lights. 

0103 

37 

RETE,UN 

Return and enable interrupts. 


Using the I/O Switches and Lights 

The 2650 provides several methods for monitoring the status of and controlling 
the operation of eKternal I/O devices. One such method unique to the 2650 is 
a serial I/O port formed by the SENSE input pin and the FLAG output pin on the 
processor. The 2650 also has provisions for two types of parallel I/O in¬ 
structions, called extended and non-extended. The non-extended I/O instruc¬ 
tions are one-byte instructions that allow a user program to read from and 
write to two eight-bit I/O ports; port C and port D. The two-byte extended 
I/O instructions expand the 2650*s I/O capabilities to 256 bidirectional I/O 
ports. 

In addition to the 2650 instructions specifically intended for I/O opera¬ 
tions, you may choose to use the memory mapped I/O mode. This mode is imple¬ 
mented by assigning a memory address to an I/O device. While a memory mapped 
I/O port requires more decode logic than either an extended or a non-extended 
port, it can ba accessed by the full range of 2650 memory referencing instruc¬ 
tions. (Refer to Chapter 9 for a description of the 2650 I/O control modes.) 

The INSTRUCTOR 50 includes features that demonstrate all of the 2650’s I/O 
modes. These features are described as follows: 


FLAG and SENSE I/O 

The 2650*s FLAG and SENSE pins are associated with the flag and sense bits of 
the processor’s internal Program Status Word (PSW). The SENSE bit of the PSW 
always reflects the signal level on the SENSE pin. Likewise, the level on the 
FLAG pin always reflects the current value of the flag bit in the PSW. 

The user may manually control the value of the sense bit in the PSW using 
the SENS key on the function control keyboard. When the SENS key is 
depressed, the SENSE bit is a one. Otherwise, the SENSE bit is a zero. 

The INSTRUCTOR 50*s Flag indicator on the front panel is driven by the FLAG 
pin on the 2650, providing a visual indication of the FLAG bit’s current 
value. The FLAG light is on if the FLAG bit is a one, and the light is off if 
the FLAG bit is a zero. 


Non-Extended I/O 

The 2650 can control two bidirectional I/O ports with four single-byte in¬ 
structions: WRTC, WRTD, REDO and REDD. These instructions move data between 
port C, port D and the 2650's internal registers. 

The INSTRUCTOR 50's front panel parallel I/O port can be assigned as non-ex- 
tended port D by placing the Port Address select switch in the NON-EXTENDED 
position. In this position, the I/O port can be accessed with 
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the WRTD and REDD instructions. This allows you to manually enter data with 
the input switches by including a REDD instruction in your program. Similar¬ 
ly, your program can write a data value to the output LEDs by executing a WRTD 
instruction. 


Extended I/O 

The 2650 can control up to 256 bidirectional I/O ports with the double-byte 
instructions WRTE and REDE. The second byte of these instructions specifies 
the extended I/O port address. The INSTRUCTOR 50's parallel I/O port can be 
assigned as extended address H*07* by placing the Port Address switch in the 
EXTENDED position. In this mode, the parallel I/O port can be accessed with 
WRTE and REDE instructions that specify an extended address H*07’ in their 
second byte. 


Memory Mapped I/O 

Memory mapped I/O is simply a matter of decoding a memory address for enabling 
an I/O port. To demonstrate this I/O mode, the INSTRUCTOR 50's Port Address 
select switch can be placed in the MEMORY position. This assigns the parallel 
I/O port a memory address of H'OFFF*. Thus, any memory reference instruction 
that specifies H*0FFF’ as the source or destination will access the front 
panel parallel I/O port. When an instruction reads location H*0FFF*, the 
value contained in the specified register will appear in the port output LEDs. 


CALLING MONITOR SUBROUTINES 

Now that you are familiar with the 2650 instruction set and have successfully 
entered a few simple programs, you are undoubtedly ready and anxious to make 
use of some of the more powerful features provided by the INSTRUCTOR 50. For 
example, you might want to write a decimal add program using the INSTRUCTOR 
50‘s keyboard and eight-digit display. By calling subroutines within the 
monitor program, the display can be used to request the two numbers to be add¬ 
ed, and the hex keyboard can be used to enter the numbers. After the two num¬ 
bers have been entered, and their sum calculated, another monitor subroutine 
can be called to display the results of the addition. This section describes 
these subroutines and provides examples in their use. 

In addition to svibroutines that provide easy access to the INSTRUCTOR 50*s 
keyboard and display, the monitor program contains other subroutines that are 
useful in writing application programs. Refer to the program listing in 
Chapter 11 for additional information on other subroutines. 

The monitor subroutines are called with Zero Branch to Subroutine Relative 
(ZBSR) instructions. The ZBSR instruction specifies a subroutine relative to 
byte zero, page zero. The relative addressing range is -64 to +63. Since the 
2650 uses an 8K page addressing scheme, ZBSR instructions with a negative off¬ 
set (relative address) wrap back around to the top of the first 8K page. The 
top of the first 8K page in the INSTRUCTOR 50 is located within the monitor 
program and contains a table of indirect subroutine addresses. Thus, the 
monitor subroutines can be called by ZBSR instructions that specify indirect 
addressing and have the negative offset that points to the desired 
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subroutine. The addresses required to call the various monitor subroutines 
are included in the description of each subroutine. 

The subroutine descriptions include a list of the 2650 registers used in their 
execution. Unless otherwise specified, the contents of these registers will 
contain meaningless data when the subroutine returns control to the user pro¬ 
gram. Therefore, registers that contain important user program information 
must be stored in a memory location before the monitor subroutine is called. 

When calling monitor subroutines, caution must be exercised to avoid over¬ 
flowing the 2650's internal 8-level subroutine stack. Since some of the user- 
accessible subroutines call other subroutines within the monitor program, each 
subroutine description includes the number of other subroutines called during 
its execution. This information allows you to calculate the number of 
subroutine stack levels required by your program and insures that this number 
never exceeds eight. 
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MOVE SUBROUTINE 


Calling Instruction ; 


Mnemonic 


Hex Value 


ZB SR ^OV 


BB,FE 


Registers Used: 


R1 = Message Pointer ~ 1 (high-order byte) 
R2 = Message Pointer - 1 (low-order byte) 


Subroutine Levels Used: 0 


Function : 

MOVE fetches an eight-byte message within the user's program and stores the 
eight bytes in the monitor's display buffer. Wien combined with the DISPLAY 
subroutine, MOVE allows you to write messages on the INSTRUCTOR 50's eight- 
digit display. Any of the INSTRUCTOR 50's characters can be used in assembl¬ 
ing a message. 


Operation : 

Before calling MOVE, you must store an eight-byte message within your pro¬ 
gram. The location of the sequential message bytes is transferred to MOVE by 
storing the address of the first message byte in Rl and R2 prior to calling 
the subroutine. Because of the algorithm used to implement the MOVE sub¬ 
routine, it is necessary to subract one from the message pointer before it is 
stored in Rl and R2. Following is an example of the MOVE subroutine call and 
a list of the hexadecimal values for the INSTRUCTOR 50's display characters. 
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EXAMPLE OF MOVE SUBROUTINE CALL 


Address 

Data 

Instruction Mnemonic 

Comments 

• 




• 




• 





0010 

05,00 

LODI, R1 H'OO' 

Load message pointer -1 in R1 
and R2. 

0012 

06, FF 

LODI, R2 H'FF' 

(H*100* - 1 = H*00FF'). 

0014 

• 

BB,FE 

ZBSR *MOV 

Call MOVE. The message bytes 
stored in locations 0100-0107 
are transferred to the moni¬ 
tor’s display buffer. 




0100 

17 

= blank 
sage) 

(first 

byte 

of mes- 

0101 

14 

= H 




0102 

OE 

= E 




0103 

11 

= L 




0104 

11 

= L 




0105 

00 

= 0 




0106 

17 

= blank 




0107 

17 

= blank 

(last 

byte 

of mes- 






sage). 




Hex Values 

of Display 

Characters 


Character 

Value 

Character 

Value 

Character 

Value 

*0.0 

H'OO' 

*A 

H'OA' 


H'14' 

*1.1 

H'Ol' 

*B 

H'OB' 

*0 

H'15' 

*2 

H'02' 

*c 

H'OC 


H'16' 

*3 

H'03' 

*D 

H'OD' 

*BLANK 

H'17' 

*4 

H'04' 

*E 

H'OE' 


H'18' 

*5.5 

H'05' 

*F 

H'OF' 


H'19' 

*6.G 

H'06' 

*p 

H'lO' 

* 

H'lA' 

*7 

H'07' 

*L 

H'll' 

*Y 

H'lB' 

*8 

H'08' 

*U 

H'12' 


H'lC 

*9 

H'09 

*R 

H'13' 




6-9 



DISPLAY SUBROUTINE 

Calling Instruction : 


Mnemonic Hex Value 

ZBSR *DISPLY BB,EC 


Registers Used : 


R0,R1,R2,R3 

On entry RO = Display Command 
On exit RO = Key Value (optional) 

Subroutine Levels Used: 0 


Function : 

When used with the MOVE subroutine, DISPLAY writes messages on the INSTRUCTOR 
50*s eight-digit display. DISPLAY reads the message stored in the monitor's 
display buffer with MOVE and writes the message on the display. Optionally, 
DISPLAY can be used to read the function and data keyboards and return the 
value of a depressed key. 


Operation : 

DISPLAY has three modes of operation that are selected by writing a command 
byte in RO prior to calling the subroutine. The DISPLAY commands and the 
functions they specify are summarized below: 

Value Placed 

in RO Function 


H'OO' 


H'or 


H'80' 


Displays message in display buffer until a function or data 
key is depressed. Returns the value of the depressed key in 


RO. 


Makes one pass through the DISPLAY subroutine and does not 
read the keyboards. A single pass through the DISPLAY sub¬ 
routine will not produce a visible display. Hence, when 
this command is used, it should be part of a loop that calls 
DISPLAY a sufficient number of times to illuminate the mes¬ 
sage. 

This command is identical to the H'OO'command except that 
the decimal point of the most-significant (far-left) digit 
is illuminated. 


The function and data key values returned in RO when operating in response to 
commands H'OO' and H'80' are listed in the following table. This is followed 
by an example of the M OVE a nd DISPLAY subroutine calls that displays the mes¬ 
sage HELLO until the IrUN I key is depressed. 
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Data Values for Command and Data Keys 


Key 

Value 

Key 

Value 

Key 

Value 

0 

H'OO' 

8 

H'08' 

WCAS 

H'80' 

1 

H'Ol' 

9 

H'09' 

BKP 

H'81' 

2 

H'02' 

A 

H'OA' 

RCAS 

H'82' 

3 

H'03' 

B 

H'OB' 

REG 

H'83' 

4 

H'04' 

C 

H'OC 

STEP 

H'84' 

5 

H'05' 

D 

H'OD' 

MEM 

H'85' 

6 

H'06' 

E 

H'OE' 

RUN 

H'86' 

7 

H'07' 

F 

H'OF' 

ENT/NXT 

H'87' 



Example 

of Move and Display 

Subroutine Calls 

Address 

Data 

Instruction Mnemonic 

Comment 

0010 

05,00 

L0DI,R1 H'OO' 

Place message table pointer 

0012 

06, FF 

LODI,R2 H'FF' 

minus one in R1 and R2. 

0014 

BB,FE 

ZBSR *MOV 

Call the Move subroutine. 

0016 

04,00 

LODI,RO H'OO' 

Place command byte in RO. 

0018 

BB,EC 

ZBSR *DISPLY 

Call the DISPLAY subroutine 

001A 

E4,86 

COMI,RO H'86' 

Compare returned key code 
RUN code. If equal, branch 

001C 

1C,XX,XX 

BCTA,EQ H'XXXX' 

address H'XXXX’. 

00 IF 

1C,00,16 

BCTA,UN H'0016' 

If not equal, loop back 

# 



wait for next key. 

• 

• 

0100 

17 


First byte of message table 
blank 

0101 

14 


= H 

0102 

OE 


= E 

0103 

11 


= L 

0104 

11 


= L 

0J05 

00 


= 0 

0106 

17 


= blank 

0107 

17 


Last byte of message table 
blank. 
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USER DISPLAY SUBROUTINE 

Calling Instruction: 


Mnemonic Hex Value 

ZBSR *USRDSP BB,E6 


Registers Used; 


RO, Rl, R2, 

On entry R3 
Rl 
R2 

On exit RO 


R3 


= Display Command 
= Message Pointer -1 (high order) 
= Message Pointer --1 (low order) 

= Key value (optional) 


Subroutine Levels Used: 2 


Function: 


USER DISPLAY combines the functions of MOVE and DISPLAY. That is, USER DIS¬ 
PLAY moves an eight-byte message from a user program to the display buffer and 
then displays the message. As with DISPLAY, this subroutine may be used to 
read the function and data keyboards. 


Operation : 

Before calling USER DISPLAY , you must load the first address of your message 
table (-1) in Rl and R2. Additionally, R3 must be loaded with the desired 
command as in the DISPLAY subroutine. 

The following example of a USER DISPLAY subroutine call displays the message 
HELLO until the RUN key is depressed. (This example is functionally equiva¬ 
lent to the example for the DISPLAY subroutine). 
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Example of a USER DISPLAY Subroutine Call 


Address 

Data 

Instruction Mnemonic 

Comment 

0010 

05,00 

LODT,Rl H'OO' 

Place message table pointer 
-1 in Rl and R2. 

0012 

06,FF 

LODI,R2 H'FF’ 


0014 

07,00 

LODI,R3 H'OO' 

Place command byte in R3, 

0016 

BB,E6 

ZBSR *USRDSP 

Call USER DISPLAY. 

0018 

E4,86 

COMI,RO H'86' 

Compare returned key value to 
RUN*s value. 

001A 

1C,XX,XX 

BCTA,EO H'XXXX' 

Branch to XX,XX if equal. 

OOID 

IF,00,10 

BCTA,UN H'OO10' 

If not equal, loop back and 

• 



get another key. 

• 

• 

0100 

17 


First byte of message table = 
blank 

0101 

14 


= H 

0102 

OE 


= E 

0103 

11 


= L 

0104 

11 


= L 

0105 

00 


= 0 

0106 

17 


= blank 

0107 

17 


Last byte of message table = 


blank 
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NIBBLE SUBROUTINE 

Calling Instruction ; 


Mnemonic Hex Value 

ZBSR ^ISLSD BB,F4 


Registers Used ; 

RO and R2 

On entry: RO = byte (high-order nibble, low-order nibble) 
On exit: RO = high-order nibble 

R1 == low-order nibble 


Subroutine Levels Used: 1 


Function: 


NIBBLE takes an eight-bit byte and separates it into two bytes, each contain¬ 
ing one of the original four-bit nibbles. This subroutine is useful in user 
programs that display a register or memory data value on the INSTRUCTOR 50 
display. The NIBBLE subroutine is an invaluable aid in converting binary data 
to hexadecimal values. 


Operation : 

The byte to be separated in passed to NIBBLE in RO. NIBBLE then takes the 
least-significant four bits (low-order nibble) from RO and places them in the 
four least-significant bits of Rl. When NIBBLE returns program control to 
your program, RO contains the low-order nibble, and Rl contains the high-order 
nibble. The most - significant four bits of both RO and Rl contain zeros. A 
functional example of NIBBLE is shown below. This is followed by an example 
of a NIBBLE subroutine call. 
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Functional Example of NIBBLE 


On entry: 

On exit: 

RO = F3 

RO = OF 

R1 = 03 

Example of NIBBLE subroutine Call 

Address 

Data 

Instruction Mnemonic 

Comment 

0000 

70 

REDD,R0 

Read I/O port (Non-Extended) 
into RO. 

0001 

BB,F4 

ZBSR *DISLSD 

Call NIBBLE subroutine. 

0003 

CD,01,07 

STRA,R1 H'01,07' 

Store low-order nibble in 

message table. 

0006 

CC,01,06 

STRA,R0 H'01,06' 

Store high-order nibble in 

message table. 

0009 

05,00 

L0DI,R1 H'OO' 

Place message table pointer 
(-1) in R1 and R2. 

OOOB 

06, FF 

LODI,R2 H'FF' 


OOOD 

04,00 

LODI,RO H'OO' 

Place display command in RO. 

OOOF 

BB,E6 

ZBSR*USRDSP 

Call USER DIAPLAY subrou¬ 
tine. Displays previous Port 
D value. Allows new I/O 
value to be set up in switch¬ 
es. Exits when any key is 
depressed. 

0011 

1B,6D 

BCTR,UN H'6D' 

Loop back to 0000 and get new 
I/O value. 

0100 

13 


= ”R** (first byte of message 
table). 

0101 

OE 


= 

0102 

OD 


= ”D" 

0103 

OD 


= 

0104 

16 


_ It—n 

0105 

17 


= "blank” 

0106 

17 


= "blank” (high-order nibble 
will be stored here). 

0107 

17 


= "blank" (low-order nibble 

will be stored here). 
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INPUT DATA SUBROUTINE 

Calling Instruction: 


Mnemonic Hex Value 

ZBSR *GNP BB,FA 


Registers Used ; 

On entry; RO » Input Command 

On exit; RO * Two Data Key Values 

R1 = Two Data Key Values (optional) 
R2 = Function Key Value 
R3 - Data Entered Indicator 


Subroutine Levels Used; 1 


Function ; 

INPUT DATA displays the contents of the display buffer and scans the data key¬ 
board for data entry# As data is keyed in, the subroutine writes the input 
data in the least-significant digits of the display. When a function key is 
depressed, USER DISPLAY returns to the main program with the input data and 
function key values in the 2650*s internal registers. 


Operation ; 

INPUT DATA has two selectable modes of operation. Mode selection is made by 
writing an input command byte in RO before calling the subroutine. The input 
command bytes and the functions they specify are listed as follows; 


Value Placed 

in RO Function 


H*00’ Displays a four-digit message and accepts four digits 

of data. As each data value is keyed in, it is dis¬ 

played in the least-significant (right-most) display 
digit, and previously entered values are shifted left. 
Data entry is terminated and program control is re¬ 
turned to the user program when a function key is de¬ 
pressed. If less than four data values are entered, 
zeros are inserted in the non-entered digit positions. 

H*01' Identical to H*00’ except that a five-digit message is 

displayed, and two digits of data are input from the 
data keyboard. 
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The four or five-digit message to be displayed by INPUT DATA must be placed in 
the monitor’s display buffer before INPUT DATA is called. The message charac¬ 
ters displayed are taken from the first four or five bytes of the eight-byte 
message table transferred to the display buffer by the MOVE subroutine. 


The data values input to INPUT DATA are returned to the main program in RO for 
the two-digit input mode and to RO and R1 for the four-digit input mode. In 
the two-digit input mode, the most-significant data value entered is returned 
to the most-significant nibble of RO, and the least-significant data value is 
returned to the least-significant nibble of RO. In the four-digit input mode, 
the two most-significant data values are returned in R1, and the two least- 
significant data values are returned to RO. 


When data entry is terminated with a function key depression, the value of the 
function key is returned tor R2, and a data entered indicater value is returned 
to R3. If no data has been entered before a function key is depressed, R3 
will contain the value H’7F’. If data has been entered, R3 will contain a 
value of H’OO’. The following example illustrates how data is returned to the 
user program. (This is followed by an example of an INPUT DATA call.) 
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Example of Data Entry and Register Contents on Return 


From Input Data Subroutine 


Keys 

(1) (2) (3) 
(RUN) 

Display 

(4) PLUS 

PLUS1234 

Register Contents 

Comments 

Initial display on subroutine entry. 
Data values entered. 

Data entry terminated and program con¬ 
trol returned to user program. 

on Return from Input Data Subroutine 

Register 

Contents 

Comments 

RO 

H'34' 

Least-significant data values 

R1 

H'12' 

Most-significant data values 

R2 

H'86' 

Value of RUN key 

R3 

H'OO' 

Indicates valid data in RO and Rl 


Example of 

Input Data Subroutine Call 


Address 

Data 

Instruction Mnemonic 

Comments 

0050 

05,00 

L0DI,R1 H'OO' 

Place message table pointer 
(-1) in Rl and R2. 

0052 

06, FF 

L0DI,R2 H'FF' 


0054 

BB,FE 

ZBSR *M0V 

Call MOVE to transfer message 
table to display buffer. 

0056 

04,00 

LODI,R0 H'OO' 

Place input command in RO 
(H’OO* = 4 digits). 

0058 

• 

• 

BB,FA 

ZBSR *GNP 

Call INPUT DATA subroutine. 

• X 

0100 

10 


First byte of message table = 

p 

0101 

11 


JT 

= L 

0102 

12 


= U 

0103 

05 


= S 

0104 

17 


= blank 

0105 

17 


= blank 

0106 

17 


= blank 

0107 

17 


Last byte of message table = 


blank. 


NOTE : Since the input command requests four digits of input data, only the 

first four message table bytes (0100 - 0103) are displayed. 
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MODIFY DATA SUBROUTINE 

Calling Instruction : 

Mnemonic Hex Value 
ZBSR *GNPA BB,FC 


Registers Used: 


R0,R1,R2,R3 


On entry: 

RO = Input command 

On exit: 

RO = Two Data Key Values 

R1 = Two Data Key Values 

R2 = Function Key Values 

R3 = Data Entered Indicator 


Subroutine Levels Used: 1 


Function : 

MODIFY DATA is very similar to INPUT DATA. The major difference is that the 
initial display message can use all eight digit positions on the INSTRUCTOR 50 
display panel. MODIFY DATA enables a program to display data values that were 
previously entered with INPUT DATA and allows these data values to be modified. 


Operation : 

As with INPUT DATA, MODIFY DATA has two modes of operation that are selected 
by writing an input command byte in RO prior to calling the subroutine. The 
input commands and their respective functions are listed below: 

Value Placed in RO Resulting Function 

H*00* Displays an eight-digit message and accepts four digits 

of data. After the first data key is depressed, the 
four least-significant digits of the display are clear¬ 
ed. Each new data value entered is then displayed in 
the least-significant display digit, and previously en¬ 
tered values are shifted left. Data entry is terminat¬ 
ed when a function key is depressed. 

H*01’ Identical to H*00’ except that when the first data key 

is depressed, the three least-significant display 
digits are cleared, and two digits of data may be en¬ 
tered . 
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The eight-digit message to be displayed must be transferred to the monitor's 
display buffer with MOVE before MODIFY DATA is called. The values for the 
data entered indicator are the same for MODIFY DATA as for INPUT DATA. That 
is, R3 contains H*00* if RO and R1 contain valid data and H*7F* if a function 
key was depressed before data was entered. The following example illustrates 
operation of MODIFY DATA. This is followed by an example of a MODIFY DATA 
subroutine call. 
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Data Entry and Register Contents on Return 
From Modify Data 


Data Input 
Key 


( 2 ) 

(RUN) 


Display 
JOB = 01 
JOB = 2 


Comments 

Initial display on subroutine entry. 

Least-significant three digits are cleared 
and new data is displayed. 

Data entry is terminated, and program con¬ 
trol is returned to user program. 


Register Contents on Return from MODIFY DATA 
Register Contents Comments 


RO 

R1 

R2 

R3 


H*02* 

H'XX' 

H»86' 

H'OO’ 


Data entered is returned in RO. 
Data in R1 is meaningless. 

Value of RUN key. 

Indicates valid data in RO. 


Example of MODIFY DATA Subroutine Call 


Address 

Data 

Instruction Mnemonic 

Comment 


0034 

05,00 

L0DI,R1 H'OO' 

Place message table 

(-1) in Rl and R2. 

pointer 

0036 

06, FF 

LODI,R2 H'FF' 



0038 

BB,FE 

ZBSR *MOV 

Call MOVE to transfer 

the mes- 


sage table to the display buff¬ 
er. 


003A 

04,01 

LODI,R0 H'Ol' 

Place input command in RO 

(H'Ol' = 2 digits). 

003C 

• 

BB,FC 

ZBSR *GNPA 

Call MODIFY DATA subroutine. 

• 

* 

0100 

17 


First byte of message table =» 
"blank" 

0101 

18 


= "J" 

0102 

15 


= "0" 

0103 

OB 


= "B" 

0104 

16 


— It—II 

0105 

17 


= "blank" 

0106 

00 


= "0" previously entered data 
value. 

0107 

01 


= "1" previously entered data 


value. 
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Jumper Options 

The INSTRUCTOR 50's versatility is enhanced by jumper options on the printed 
circuit board, 'Hiese options allow you to modify the system's basic con¬ 
figuration. The jumpers are accessible through cutouts at the bottom of the 
INSTRUCTOR 50's plastic housing. Figure 6.1 identifies the location of the 
various jumpers and their configuration. The factory supplied configurations 
are identified by asterisks (*) in the jumper pin description tables. 

Jumper A - Interrupt Selection 

As described previously, a switch at the bottom of the INSTRUCTOR 50 allows 
you to select interrupts from the interrupt key on the function keyboard or 
from the input line frequency clock. Jumper 'A' provides additional interrupt 
flexibility by allowing interrupt requests from external logic via the bus in¬ 
terface connector. If this option is exercised, interrupt requests from ex¬ 
ternal logic will result in a vectored interrupt through memory address 
H'0007*. The setting of the DIRECT/INDIRECT switch on the front panel deter¬ 
mines whether an externally generated interrupt request results in a direct or 
indirect subroutine branch. The pin descriptions for jumper 'A* are defined 
in the following table: 


JUMPER A Pin Descriptions 


Pins 

Connected 



1-2* No imal operation. The 2650 recognizes interrupt requests- from 

the interrupt key or the real-time clock, depending on the posi¬ 
tion of S6, 


2-4 Bus interface. The 2650 recognizes interrupt requests from the 

interface signal VIO (pin 4). The interrupt latch is set on the 
rising edge of VIO. 

2- 39 Bus interface inverted. This configuration is identical to the 

2-4 option except that the 

3- 4 interrupt latch is set on the falling edge of VIO. 
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PARALLEL I/O PORT 
SWITCH INPUTS 



Jumper B -- SlOO Clock Select 


The bus interface includes three pins for SlOO interface clock requirements. 
The jumper *B* option allows you to select between two clock signals generated 
by the INSTRUCTOR 50. The first clock is the same 895 KHz clock available to 
the 2650. 

The second clock is the 2650 OFREQ signal gated by the forced jump logic en-- 
able (i.e., the OPREQ clock is inhibited whenever the forced jump logic has 
control of the 2650's address and data busses). The pin descriptions for 
jumper 'B’are defined in the following table: 


Clock Source Pins 
Pin Numbers 
11,12 

13,14 

SlOO Clock Pins 


JUMPER B Pin Definitions 


DESCRIPTION 

These pins are driven by the INSTRUCTOR 50*s 895 KHz system 
clock. 

These pins are driven by the conditioned OPREQ signal. The 
frequency is approximately 303 KHz. ( NOTE ; This clock is 
not a continuous frequency. Some 2650 instructions are 
executed without generating OPREQ). 


Pin Numbers Description 


8 

This 

pin 

is 

connected 

to 

the 

SlOO 

bus 

signal 

01, 

pin 

25. 

9 

This 

pin 

is 

connected 

to 

the 

SlOO 

bus 

signal 

02, 

pin 

24. 

10 

This 

pin 

is 

connected 

to 

the 

SlOO 

bus 

signal 

CLOCK, pin 49. 


Jumper C - Power Source Select 

The INSTRUCTOR 50 is designed to operate with its own internal power supply 
used in conjunction with the wall transformer supplied with the system. Op¬ 
tionally, the input to tbe INSTRUCTOR 50*s 5-volt regulator can be supplied 
from the interface bus connector. Jumper ’C’ supports this option. The pin 
descriptions for jumper *C* are defined in the following table; 

JUMPER *C* Pin Definitions 


Pin Connected 
18-20^ 
18-19 


Description 


power requirements 


Normal operation. The INSTRUCTOR 50*s 
are supplied by the wall transformer. 

The INSTRUCTOR 50*s power requirements are supplied by an 
8-volt unregulated D-C source applied via the bus interface 
connector. 
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Jumper D - Cassette Output Selection 


The INSTRUCTOR 50's cassette interface provides two recording signal levels. 
Jumper 'D' selects between a 30mV rms record level and a 300mV rras record 
level. The pin descriptions for jumper 'D' are defined in the following table: 

Jumper 'D* Pin Definitions 

Pins Connected Description 


15-17* 

This option provides 
sette. 

a 30mV rms 

record 

level 

to the cas- 

16-17 

This option provides 
sette. 

a 300mV rms 

record 

level 

to the cas- 


6-25 







7. SYSTEM EXPANSION 


Introduction 

Miatopr^cei^sors have had a tremendous impact on the hobbyist computer market. 
Beginningiwith. Altair's 880D home computer, the hobbyist market has literally 
exploded with new products. These new products include not only basic com¬ 
puters but a host of small support systems or peripheral boards. The first 
periphetalbboards were simple memory expansion boards, but today there are a 
widei variety jOf peripherals availableit There arei television interfaces for 
computer , graphics > floppy <iisc inter faces for mass storage, and even a board 
that synthesizes human speech. 

The mSijorityf of, theseaperipheral boards are designed to be compatible with the 
Alt air 1 8800 bus^. As ^mpre and moire Alt air 8800-coinpatible systems were intro¬ 
duced, this microcomputer bus was given an industry wide name, the SlOO bus. 

The INSTRUCTOR 50*s SlOO interface (an edge connector at the back of the unit) 
transforms aU sipiple learning device into a small system computer limited only 
by the number and type of peripheral boards used. Moreover, the powerful pro¬ 
gram/data entry and debug facilities of the basic INSTRUCTOR 50 are extended 
to any device connected to the SlOO bus interface* 

Because the Altair 8800 home computer was based on the 8800, many of the SlOO 
bus signals are essentially 8080 signals. Many of these signals, such as the 
two-phase clock and negative supply voltage, are not required by state-of-the- 
art microprocessors like the 2650. Hence, the INSTRUCTOR 50*s SlOO interface 
bus is not pin-for-pin compatible with Altair*s original bus. However, the 
INSTRUCTOR 50*s interface bus contains the most commonly used signals and can 
be easily connected to the majority of SlOO peripherals. In addition to the 
common SlOO bus signals, spare pins on the SlOO pin bus have been assigned 
2650 signals (e.g., OPREQ, R/W, and M/IO). Thus, custom interfaces can be de¬ 
signed with the 2650 control logic, instead of the more cumbersome 8080 inter¬ 
face bus logic. In short, the INSTRUCTOR 50*s SlOO interface opens up the en¬ 
tire universe of home computer peripherals to owners of the INSTRUCTOR 50 
training system. 

The INSTRUCTOR 50 bus interface signals are described in Table 7.1. 
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TABLE 7.1 


Pin # 
1 


2 


3 


4 


5 

6 


INSTRUCTOR 50 INTERFACE BUS SIOJALS 
(^Indicates a 2650 bus signal) 


Mnemonic 


Signal Description 


4-8V 


+16V 


XRUY 


VIO 


Positive 8 volts, unregulated. This line provides 
+8 volts to the INSTRUCTOR 50 when Junker C selects 
the interface bus as the system power source. 

Positive 16 volts. This line is reserved for +16 
volts that may be required for a SlOO peripheral 
board. +16V is neither required for or generated by 
the INSTRUCTOR 50. 

External Ready. XRDY is returned by an external de¬ 
vice when it has completed a data transfer with the 
2650. On board the INSTRUCTOR 50 XRDY becomes OPACK 
for the 2650. 

Vectored Interrupt #0. VIO provides an external in¬ 
terrupt request when Jumper A is wired for external 
interrupts. VIO is latched and generates either an 
indirect or direct interrupt (selected by the 
DIRECT/INDIRECT switch) through address H'0007'. 


Not used 


Not used 


7 Not used 


8 


Not used 


9 Not used 


10 Not used 

11 Not used 


12 R/W* 


13 WRP* 


Read/Write. A 2650 control signal that indicates 
whether the processor is performing a read or write 
operation with an external peripheral board. As 
with all of the 2650 control signals, R/W is valid 
only when OPREQ is true. 

NOTES An asterisk (*) indicates non-SlOO 2650 con¬ 
trol signals. 

Write Pulse. A 2650 control signal that is generat¬ 
ed during memory or I/O write sequences. WRP may be 
used to strobe data into the selected device. 
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14 


M/IO* Memory/Input-Output. A 2650 signal that is generat¬ 

ed during memory or I/O write sequences. WRP may be 
used to strobe data into the selected device. 


15 

RESET* 

Reset. When driven high, RESET performs the same 
operation as depressing the RST key on the IN¬ 
STRUCTOR 50 front panel. That is, the 2650 is reset 
and begins executing the user program at location 
H’OOOO'. 

16 

RUN/WAIT* 

Run/Wait. A 2650 control signal that indicates 
whether the 2650 is in the wait state or is execut¬ 
ing a program. 

17 

PAUSE* 

Pause. This 2650 control signal input is provided 
for Direct Memory Access (DMA) operations. When 
driven high, this signal causes the 2650 to enter 
the WAIT state after completing the instruction cur¬ 
rently being executed. 

18 

Not used 


19 

Not used 


20 

Not used 


21 

Not used 


22 

Not used 


23 

Not used 


24 

01 

Phase 1 Clock. 01 may be driven by the 895 KHz sys¬ 
tem clock or the 2650 OPREQ signal depending on the 
configuration of the Jumper B option. 

25 

02 

Phase 2 Clock. 02 may be driven by the system clock 
or OPREQ depending on the configuration of Jumper B. 

26 

Not used 


27 

Not used 


28 

Not used 


29 

A5 

Address Bit 5 

30 

A4 

Address Bit 4 

31 

A3 

Address Bit 3 

32 

A15 

Address Bit 15. Since the 2650 has an address range 
of 32K, this line is grounded. 

33 

A12 

Address Bit 12 
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34 A9 Address Bit 9 . *OI\M Ai 

35 DOl Data Out Bit 1 

:36 sDOO'a:i:v.% -‘..-Data' Out BitiO cl 

37 AlO Address Bit 10 

38 D04 Data Out Bit 4 

39 D05 Data Out Bit 5 ] I ^ i 

40 D06 Data Out Bit 

41 DI2 Data In Bit 2 

42 DI3 Data In Bit 3 

43 DI7 Data In Bit 7 

44 Not used 

45 SOUT Output. SOUT indicates that the address bus con¬ 

tains the address of an output I/O device. The ad¬ 
dressed device may accept the value on the data bus 
when PWR (pin 77) is active. 

46 SINP Input. SINP indicates that the address bus contains 

the address of an input I/O device. The selected 
device should return its data when PDBIN (pin 78) is 
active. 

47 SMEME Memory Read. This signal indicates that the address 

bus contains the address of a memory location and 
that the 2650 is performing a memory read operation. 

48 Not used 

49 CLOCK System Clock. Depending on the configuration of 

Jumper B, this line is driven by the 895 KHz system 
clock or the 2650 OPREQ output. 

50 GND System Ground. 

51 +8V Positive 8 volts. This line provides +8V to the IN¬ 

STRUCTOR 50 when Jumper C selects the interface bus 
as the system power source. 

52 -16V Negative 16 volts. This line is reserved for -16 

volts that may be required by a SlOO peripheral 
board. Not supplied with the INSTRUCTOR 50. 

53 Not used 

54 Not used 
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55 

DO* 

Data 

Bus 

Bit 

0 

- 

In addition to the 2650 control 

56 

Dl* 

Data 

Bus 

Bit 

1 

- 

signals, the INSTRUCTOR 50 

57 

D2* 

Data 

Bus 

Bit 

2 

- 

interface bus also includes a 

58 

D3* 

Data 

Bus 

Bit 

3 

- 

bidirectional data boS. The cV 

59 

D4* 

Data 

Bus 

Bit 

4 

- 

2650 signals form a subset of 

60 

Not used 






the Interface bus a that can be \ 

61 

D5* 

Data 

Bus 

Bit 

5 

- 

used to interface the 

62 

K D6* 

Data 

Bus 

Bit 

6 

■ 

^INSTRUCTOR 50 to breadboard ' 

63 

D7* 

Data 

Bus 

Bit 

7 

; 

peripherals with a minimum of in¬ 








terconnect wires. 

64 

UOPREQ* 

User 

Operation Request - GPREQ, a 2650' Control aig- 


nal, indicates thatc the processor's address bus, 
data bus, and other control signals are valid. 
OPREQ may be used to latch the data bus for write 
operations and enable input device bus drivers for 
read oper at ions. ^ a t? ^ 

65 INTACK* INTERRUPT ACKNOWLEDGE^ The 2650 returns INTACKOBto 

an interrupting device in response to an INTERRUPT 
REQUEST. Upon: receipt of INTACK, the ^/interrupting 
device drives the data bus with a relative branch 
address and asserts either XRDY or PRDY^A These sig¬ 
nals become the 2650 status signal OPACK. 


66 

FLAG* 

FLAG. This line contains the 2650 single-bit output 

port. H H:■ -,bn a 

67 

USENSE* 

USER SENSE. USENSE is the 2650 sipgle-bit input 
port. FLAG and SENSE are part of the PROGRAM STATUS 
WORD. .p-A 

68 

MWRITE 

MEMORY WRITE. MWRITE indicates that data is to be 
written into the memory location addressed by the 
current value of the ADDRESS BUS. 

69 

Not used 

■- ...A'; . Avv rr.- tn: 

70 

Not used 

. •A.p: O': 

71 

Not used 


72 

PRDY 

PROCESSOR READY. FRDY is logically OR^d with XRDY 
to form the 2650 status signal OPACK. PRDY is re¬ 
turned by an addressed device (either memory or 1^0) 
or an interrupting device when the requested data 
transfer has been completed. 

73 

PINT 

PROCESSOR INTERRUPT. PINT is an SlOOj signal that 


corresponds to the 2650 INTERRUPT REQUEST signal. 
The 2650 acknowledges PINT when it completes the in¬ 
struction it was executing when PINT was driven 
low. The 2650 does not recognize PINT iS it is in 
the WAIT state or if the INTERRUPT INHIBIT bit of 
the PSW is reset. PINT can be used: to ;release ^the 
2650 from the HALT state. 
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74 

Not used 



75 

Not used 



76 

Not used 



77 

PWR 

PROCESSOR WRITE. PWR indicates that the data 
valid and may be accepted by the addressed 
location or output device. 

bus is 
memory 

78 

PDBIN 

PROCESSOR DATA BUS IN. PDBIN indicates that the 
2650 is readng data from the addressed memory loca¬ 
tion or input device. PDBIN may be used to enable 
the selected device's data bus drivers. 

79 

AO 

Address Bit 0 


80 

A1 

Address Bit 1 


81 

A2 

Address Bit 2 


82 

A6 

Address Bit 6 


83 

A7 

Address Bit 7 


84 

A8 

Address Bit 8 


85 

A13 

Address Bit 13 


86 

A14 

Address Bit 14 


87 

All 

Address Bit 11 


88 

D02 

Data Out Bit 2 


89 

D03 

Data Out Bit 3 


90 

D07 

Data Out Bit 7 


91 

DI4 

Data In Bit 4 


92 

DI5 

Data In Bit 5 


93 

DI6 

Data In Bit 6 


94 

Dll 

Data In Bit 1 


95 

DIO 

Data In Bit 0 


96 

Not used 



97 

Not used 



98 

Not used 
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99 


POR 


POWER ON RESET. POR is an output signal that indi¬ 
cates that power has been applied to the INSTRUCTOR 
50 and the system is being reset. POR may be used 
to reset peripheral boards on the Interface Bus. 

100 GND GROUND. System Ground. 
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81 THtORY OF OPERATION 


Introduction 


r" 


The INSTRUCTOR 50 is typical of tnioderrilimic^ocomputers, reflecting many of the 
recent advances in microprocessor^ teclih^olo^y. For example, the current trend 
in microcomputer design ns to tepiace Jlogip functions implemented with Small- 
Scale Integration (SSf) and MeHiupi-Sc^le Ihtegration (MSI) circuits with com¬ 
plex Large-Scale Integration. (LSlX^ support circuits. This 
trend is exemplified iii the ifeSTRUdTOR 54 which makes use of the 2650 micro¬ 
processor and the 2656 jSys^teii Memory interface. These two chips alone consti¬ 
tute a basic microcomputer^-^peyonA^this microcomputer, the remainder 
of the circuits on the TNSTRUQJO^^O Pr;ipted Circuit Bo^d ar^ devoted to pro¬ 
viding th^mioroCiOmputer with man-machine and maclfine-machine i|nterfaces. 


This chapter describes ithe hardware and software associated with the IN¬ 
STRUCTOR 50 system, . Tlie ,inteAt-is» notvHftp'^ give a detailed exposjition for main¬ 
tenance purposes.? The INSTRUCTOR 50 comfes fully assembled-nnd«^ debugged ready 
to be plugged in arid’u^ed and requires Ifttle or no maintenance. Rather, the 
intent is | to introduce |you to the basic lundament^f^ microcomputer 

design. | 


Basic Concept 








The functional heart of computers ihigeneral and microcomputers in particular 
is the system :program.The program£is a|logical sequence ofinstruc¬ 
tions that monitor ^stern stutus, and,^^^ b on thatrstatus, decides what con¬ 
trol actidns^tb take. A computer’s Centfal ProcelsingiUnit (C]|U) is a device 
that read! instructions from pro^^ and, i by J estecutibg the instruc¬ 
tions, performs all of.the arithmetic and logical lopbtjitions required by the 
system program; The ClPU also provides the system^ ptogramS with the physical 
means to access and control the system*s"t/0 functiiohsT^^ :INSTRUCTOR 50*s 
CPU is th4 2M0 jn ^ I - “ : ^ I 

The 2650 fetches instructions-from program storage and communicates with the 
system I/O circuits via its address bus, cont,,r%l,buSj and dat4^ As the 
2650 executes each instruction, the address and cdntrol-bus valuei.^specify the 
device to be comiphicated (meiibry Ideation, |/0 devipe, letjoJ), and the 
data bus serves 4® i^^brination pc^ciNiit between^ the , propess(|r3Snd the se¬ 
lected device, feis-information transfer scheme Jdefinea.^j the j system's basic 
architecture illustrated in Figure 8.1. 4 


Considerable sav|ngs in parts count was realized by decking 
addresses withinfhe 2656 SMI. ”■ ^ 


the I/O device 


Thus, when the 2650 executes an instruction that references an I/O device 
(e.g., the paralieL T/0 pbrt)7 TOat d is asserted on the ad¬ 
dress bus, and the Programmable Gate Array within the SMI decodes the . address 
and generates the 1/0 deMde-s Enable sighil^ ^ ^Thus-enMbled^- the selected I/O 
device either accepts data from or returns data to the 2650 over the data 
bus. As the 2650 executes each instruction, it selects the device 





Figure 8.1; Basic Instructor 50 Architecture 















specified by the instruction (program storage, user RAM, an I/O device, etc.) 
with the address bus and communicates with the selected device via the data 
bus. 


Detailed Block Diagram Description 

A detailed block diagram of the INSTRUCTOR 50 is presented in Figure 8.2. 
This section gives a description of each of the major functional blocks il¬ 
lustrated in Figure 8.2 

The Microcomputer 


As mentioned previously, the basic microcomputer consists of the 2650 micro¬ 
processor and the 2656 System Memory Interface (SMI). The 2650 provides the 
following functions: 

8-bit ALU The Arithmetic Logic Unit performs all of the arithme¬ 

tic and logical operations required for program execu¬ 
tion. 


Program Counter The program counter is used to generate program stor¬ 

age addresses. 

Interrupt Logic The interrupt logic performs all functions required to 

respond to an interrupt request from an external de¬ 
vice. 


Internal Registers The 2650*8 seven internal registers provide temporary 

data storage and serve as a link between the ALU and 
external data storage, such as RAM locations and I/O 
devices. 

Bus Interface Logic The bus interface logic distinguishes between memory 

and I/O device addresses and specifies the direction 
of data transfers between the processor and external 
data storage. 


The 2650 microprocessor is surrounded with bus drivers (buffers). Because the 
2650 is fabricated using an MOS process, its output pins can drive only one 
TTL load. The bus drivers buffer the 2650 outputs and are able to drive all 
of the loads on the INSTRUCTOR 50*s busses. 


The buffered 2650 data, address and control busses are connected directly to 
the 2656 SMI. The SMI contains the 2K monitor program, 128 bytes of scratch¬ 
pad RAM, a system clock generator, and an eight-bit I/O port. The eight-bit 
I/O port is controlled by a mask Programmable Gate Array (PGA). As configured 
for the INSTRUCTOR 50, the PGA decodes the address bus and provides eight I/O 
chip enables for the user RAM and I/O devices. Table 8.1 lists the functions 
of these outputs. 

All of the monitor program's scratchpad memory requirements are met by the 
SMI's 128 byte RAM. In fact, the monitor only requires 64 bytes, thus leaving 
the remaining 64 bytes for user storage. It should be noted, however, that 
while the INSTRUCTOR 50 enables you to access these 64 bytes of the SMI's RAM 
with the DISPLAY AND ALTER MEMORY command and the FAST PATCH command, the SIN¬ 
GLE STEP and BREAKPOINT commands are not supported within this memory 
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space. Hence, these 64 bytes should be used for data storage only. That is, 
user programs should be stored in user RAM or on an SlOO memory expansion 
board. 


INSTRUCTOR 50 Memory Allocation 

Figure 8.3 is a memory map of the INSTRUCTOR 50*s addressable memory space. 
The memory map is divided into four 8K pages reflecting the addressing archi¬ 
tecture of the 2650. The first page, page zero, contains the user RAM and the 
SMI ROM and RAM. The second, third, and fourth pages are available for user 
memory expansion or memory mapped I/O. 

The user RAM. is formed by four 256 x 4 RAMs (Signetics 2112*s) that are enabl¬ 
ed by the SMI chip-enable lines mentioned previously. Chapter 7 described how 
SlOO memory boards can be added to the INSTRUCTOR 50. 
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Table 8.1 


signal 

RAMOCE 

RAMICE 

PORTFX 

USRPORT 

USRMEM 

DI/0 

CI/0 

MON 


CONTROL SIGNALS GENERATED BY THE SMI 


Function 


RAM 0 chip enable: this signal enables the lower 256 bytes of 
user RAM. 

RAM 1 chip enable: this signal enables the upper 256 bytes of 
user RAM. 

PORTFX goes low whenever the 2650 executes an extended I/O in¬ 
struction with an address between H'F8* and H*FF*, inclusive. 
This signal enables the INSTRUCTOR 50*s I/O device addresses to 
be decoded with just three address bits. 

USRPORT goes low whenever the 2650 accesses the parallel l/O 
port with an extended I/O instruction (address H*07*). 

This signal goes low when the 2650 executes a memory reference 
instruction that specifies address H’OFFF*. USRMEM enables the 
parallel I/O port when the port address select switch is in the 
MEMORY position. 

DI/0 goes low when the 2650 executes a non-extended I/O instruc¬ 
tion that specifies port D. If the port address select switch 
is in the NON-EXTENDED position, DI/0 enables the parallel I/O 
port. 

Cl/0 goes low when the 2650 executes a WRTC instruction. This 
signal is used by the forced jump logic for breakpoint detection. 

MON goes low whenever the 2650 fetches an instruction or data 
value within the monitor's address space (H'17C0* and H'lFFF*). 
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7FFF 




2000 

1FFF 


1800 

17FF 

17CO 

17BF 

1780 

177F 


1000 

OFFF 


0200 

01FF 


0000 

HEX 

ADDRESS 


AVAILABLE 

FOR 

USER RAM 
EXPANSION 


USE 

MONITOR 

FIRMWARE 


USE 

MONITOR RAM 


USER PROGRAM 
DATA STORAGE RAM 


NOT 

AVAILABLE 


AVAILABLE 

FOR 

USER RAM 
EXPANSION 


SUPPLIED 
USER RAM 


FF 


FE 


FD 


FC 


FB 


FA 


F9 


F8 


F7 


'OFFF' IS 
ADDRESS OF 
I/O PORT 


MEMORY 


00 

HEX 

ADDRESS 


NOT USED 


KEY RETURN 
INPUT 


LAST ADDRESS 
REGISTER. M.S. 
BYTE, INPUT 


LAST ADDRESS 
REGISTER. L.S. 
BYTE, INPUT 


FORCED JUMP 
LOGIC. OPREQ 
COUNTER OUTPUT 


DIGIT/COLUMN 
SELECT OUTPUT 


DISPLAY SEGMENT 
OUTPUT 


CASSETTE INTER¬ 
FACE OUTPUT 


AVAILABLE 

TO 

USER 

PROGRAM 


EXTENDED I/O 


Figure 8.3: Memory and I/O Organization 


I RESERVED 
> FOR 
I MONITOR 




'07' IS ADDRESS 
OF I/O PORT 
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Parallel I/O Port 


The parallel I/O port consists of an output latch, input switches, and port 
address decode logic. The port address decode logic generates a port enable 
whenever one of the three following conditions are met. 

1) The 2650 executes a WRTD or REDD instruction. 

2) The 2650 executes either a WRTE or REDE instruction that specifies 
H’07* as an extended I/O address. 

3) The 2650 executes a memory reference instruction that specifies lo¬ 
cation H’OFFF * . 

The Port Address switch selects one of these signals as the parallel I/O port 
enable. 

Whenever the I/O port is enabled and the R/W control line specifies a write 
operation, the value on the data bus is strobed into the I/O port output 
latch. This latch drives the I/O port indicator LEDs. 

The I/O port switches are one of four inputs to a data bus multiplexer. When¬ 
ever the I/O port is enabled and the R/W line indicates a read operation, the 
I/O switch levels are asserted on the data bus via the data bus multiplexer. 

Keyboard and Display Logic 

The INSTRUCTOR 50*s primary man-machine interface consists of an output de¬ 
vice, the eight-digit display, and two input devices - the function and data 
entry keyboards. Together they provide an inexpensive human interface to the 
microcomputer. 

The display digits consist of seven discrete LEDs arranged in a rectangular 
array or bars and an eighth LED that serves as a decimal point. There are se¬ 
veral methods of driving a seven-segment display with a microprocessor. The 
most straightforward approach is to provide a separate output port latch to 
drive each individual display. With this approach, the microprocessor simply 
writes a byte to each output port, corresponding to the segments required to 
form the desired character. While the direct drive approach is the simplest 
to conceptualize, it also requires the most hardware to implement. However, 
the basic rule of thumb in microcomputer design is to eliminate as much system 
hardware as possible with program logic. Toward this end, an alternate dis¬ 
play drive method that requires only two output ports is used in the IN¬ 
STRUCTOR 50. 

The first output port (extended port F9) is a latch that drives the segment 
select lines connected in parallel to each of the eight digits. The second 
output port (extended port FA), an eight-bit latch, enables only one digit at 
a time. With this structure, the segment select lines can be time shared 
among the eight digits. The 2650 first enables a digit with the digit select 
output port and then writes that digit's character segments in the segment se¬ 
lect output port. The process is repeated for each digit in a sequential 
fashion. If each digit is illuminated at a sufficiently fast frequency, about 
100 Hz, the entire eight-digit display appears flicker free. Thus, consider¬ 
able savings in display drive hardware is realized by substituting program 
complexity for output ports. 
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Because of the display’s high-current requirements, the two output port latch¬ 
es require current buffering. A darlington transistor array on the output of 
each latch supplies the required current. 

There are several methods of interfacing a microcomputer to an input key¬ 
board. Here again the primary objective is to minimize the system hardware by 
placing as much of the control logic in the program as possible. The keyboard 
scan approach used by the INSTRUCTOR 50 arranges the two keyboards in a ma¬ 
trix. Since each function and data key is actually a two-terminal switch, a 
matrix can be formed by grouping the terminals of each switch into columns and 
rows. This organization is illustrated in Figure 8.4 

Referring to Figure 8.4, the column select signals, COL 1-COL 6, are driven by 
an output port (extended port FA), and the four sense signals, KR0-KR3, serve 
as the inputs to an input port (extended port FE). Given this structure, the 
2650 can scan the keyboard to detect a switch closure as follows: 

1) The processor writes a byte to the column select output port that 
drives one of the column select lines low. 

2) The processor reads the row sense input port. If any of the keys in 
the selected column are depressed, a low is sensed on the corres¬ 
ponding row sense line. 

3) The process is repeated for each column. 

The keyboard interface column select operation is identical to that of the 
display digit select. Hence, a single output port serves both interfaces. 
The row sense input port is another input to the data bus multiplexer. When 
the 2650 executes an REDE instruction that specifies the row sense input port, 
the row sense signals are returned to the processor on the data bus via the 
multiplexer. 

Referring again to Figure 8.4, you will notice that four of the function keys, 
SENS, INT, MON, and RST, are not included in the switch matrix. The reason 
for their absence is that the functions they perform are independent of the 
monitor program. Since RST resets the 2650, this switch is connected to the 
2650’s RESET pin (after being OR’ed with the power on reset signal). Like¬ 
wise, the SENS key is connected to the 2650 SENSE input pin. (Actually the 
2650 SENSE pin is used for both the SENS key and the audio cassette inter¬ 
face. The signal presented to the 2650 depends on whether or not the 2650 is 
reading data from cassette). The INT key is connected directly to the IN¬ 
STRUCTOR 50 interrupt logic, and the MON key is connected to the forced jump 
logic. The operation of these two keys is described under forced jump logic. 
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Figure 8.4: Keyboard Layout 



Bit Assignments for Keyboard and Display Ports 

Figure 8.5 gives the bit assignments for the ports associated with the key¬ 
board and display circuits. 


PORT F9 — SEGMENT OUTPUT 


7 

6 

5 

SEG 



DP 

G 

F 



3 

2 

1 

0 




SEG 

D 

c 

B 

A 


SEGMENT ON 
SEGMENT OFF 


PORT FA — KEYBOARD COLUMN AND DISPLAY DIGIT SELECT OUTPUT 


BKPT 

REG 

MEM 


WCAS 

RGAS 

STEP 


ENT/NXT RUN 


7 

(LEFT) 


COLUMN/DIGIT selected 
column/digit not selected 


0 

(RIGHT) 


DISPLAY 

DIGIT 


FORT FE — KEY RETURN INPUT 
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The Cassette Interface 


The cassette interface is unique among the INSTRUCTOR 50*s I/O devices in that 
it communicates with an analog system, a cassette tape recorder. It converts 
microprocessor-generated logic signals into an audio waveform for recording 
data, and converts the audio waveform returned from the recorder into a digi¬ 
tal pulse stream that can be decoded by the processor when data is being read 
from the cassette. 

The INSTRUCTOR 50 uses a two-bit output port (extended port F8) for recording 
data onto cassette tape and a single-bit input port for reading the data 
back. Figure 8.6 illustrates the record waveforms required by this techni¬ 
que. The two signals, FREQ and ENV, are provided by a two-bit output port 
(port F8, bits 3 and 4, respectively). These signals are combined with an 
open-collector NAND gate to form the write signal for the cassette. As shown 
in Figure 8.6, six pulses are used to record a ’zero* on the cassette, and 
three pulses to record a *one*. The only exception to this recording format 
is the last bit of a byte. Six additional pulses are recorded for the last 
bit of a byte to mark byte boundaries (i.e., a one is nine pulses and a zero 
is twelve pulses). 

Since only a single bit input port is required to read data back from cas¬ 
sette, the 2650’s SENSE pin is used for this purpose. Bit 7 of port JTS is 
used to switch the SENSE input from the keyboard to the cassette interface 
when a Read Cassette operation is in progress. However, before the audio in¬ 
put is presented to the SENSE pin, it is digitized by a Schmidt trigger. The 
Schmidt trigger has about 1.5 volts of hysteresis that provides the read logic 
with necessary noise immunity. 

Interrupt Logic 

The INSTRUCTOR 50 can respond to interrupt requests from three possible sourc¬ 
es: the INT key, the real-time clock derived from the power supply line fre¬ 
quency, or the SlOO bus interface. As mentioned previously, interrupt source 
is determined by a switch located at the bottom of the INSTRUCTOR 50 case. 
This switch selects between the INT key and the real-time clock. A jumper op¬ 
tion enables interrupt requests from the SlOO bus interface. 

The selected interrupt request source is input to a flip-flop that is set when 
an interrupt request is received. The output of the flip-flop is connected to 
the INTREQ pin on the 2650. The 2650 responds to an interrupt request by as¬ 
serting INTACK. INTACK, in turn, enables a tri-state drive that places the 
interrupt vector H*07* or H’87’, depending on the position of the DIRECT/IN¬ 
DIRECT switch on the data bus. INTACK also resets the interrupt request flip*" 
flop. 

Forced Jump Logic 

The INSTRUCTOR 50*s Breakpoint and Single Step commands are implemented with a 
combination of firmware and hardware control. This hardware portion is called 
the forced jump logic. The forced jump logic returns program control to the 
monitor whenever a breakpoint is detected, after a single user instruction has 
been executed in the step mode, when the MON key is depressed, and when power 
is initially applied to the INSTRUCTOR 50. 
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Figure 8.6: CASSETTE RECORD WAVEFORMS 
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The forced jump logic consists of the following logical elements: 

1) The Return to Monitor Sequencer - This sequencer is responsible for re¬ 

turning program control to the monitor when the 2650 is executing a 
user program. The sequencer consists of a programmable counter and a 
32 X 8 PROM. The PROM contains the data values of an absolute branch 
instruction. Wien the sequencer is active, the forced jump logic dis¬ 
ables the INSTRUCTOR 50*s normal instruction fetch mechanism and re¬ 
turns the absolute branch instruction stored in the PROM. The 2650 

initializes the sequencer by loading the counter via extended output 
port FB. 

2) The Last Address Register - The Last Address Register (LAR) saves the 
last address issued by a user program before program control is re¬ 
turned to the monitor. This address points to the next instruction 
that the user program would execute if the return to monitor had not 
been activated. The monitor program reads the LAR to determine where 
the user program should resume execution after a STEP command has been 
completed or when a breakpoint is encountered. The monitor reads the 
least-signigicant byte of the LAR by addressing port FC, and the most- 
significant byte by addressing port FD. 

3) Control Logic - The control logic performs general housekeeping func¬ 
tions such as loading the LAR, integrating interrupt requests with the 
return to monitor state sequencer, and loading the programmable counter. 

The forced jump logic is enabled when power is first applied to the INSTRUCTOR 
50, when the MON key is depressed, when a breakpoint is detected, and when the 
monitor program executes the STEP command. The resulting action taken by the 
forced jump logic when one of these events occurs is described below. 


PCWESR W (POR) QE MOif KEY DEPRESSION 


When power is applied to the INSTRUCTOR 50 or when the MON key is depressed, 
the 2650 is reset. The 2650 responds to a reset by clearing its internal pro¬ 
gram counter and fetching the instruction located at byte zero, page zero. 
However,, when the 2650 places address H*0000* on the address bus, the forced 
jump logic disables the normal memory access mechanism and returns a NOP in¬ 
struction value to the 2650 via the data bus. The 2650 executes the NOP and 
attempts to fetch an instruction at the next sequential address H'OOOl*. This 
instruction fetch generates an operation request (OPREQ). OPREQ is used to 
increment the sequencer counter. In this state, the return to monitor se¬ 
quencer places the first byte of an unconditional branch instruction on the 
data bus. When the 2650 receives the BCTA, UN op-code, it generates two more 
OPREQs to fetch the branch address. Each OPREQ increments the counter and the 
PROM places the beginning address of the monitor, H*1800*, on the data bus. 
At this point the 2650 executes the branch to monitor, and the forced jump lo¬ 
gic returns to the idle state. 

BREAKPOINT DETECTION 

If the user has specified a breakpoint, the monitor program inserts a WRTC 
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instruction at the breakpoint address specified* When the 2650 executes the 
WRTC instruction, a control signal is generated that produces the same results 
as the POEL/signal, and program control is returned to the monitor. A monitor 
software flag distinguishes this entry from a BOR or HON key entry and causes 
a branch to the breakpoint routine. 


SINGLE STEP 

The execution of a single 2650 instruction in response to the STEP key is an 
excellent example of combined firmware/hardware control. When the STEP key is 
depressed, the monitor program fetches the instruction pointed to by the Pro¬ 
gram Counter and calculates the number of OPREQs required to execute the in¬ 
struction. The OPREQ counter (an extended I/O port) is then loaded with a 
value that corresponds to the number of OPREQs. The monitor then restores the 
user's program registers and status and branches to the instruction to be 
stepped. When the 2650 executes the instruction, the OPREQ counter, beginning 
at the present count, addresses "dummy states" of the return to monitor se¬ 
quencer. That is, the locations addressed are not output on the data bus. 
When the last OPREQ of the instruction occurs, the output of the return to 
monitor PROM is enabled, and subsequent OPREQs return the unconditional branch 
to monitor instruction bytes to the processor. 

If an interrupt request should occur during execution of the STEP instruction, 
the 2650 waits until the instruction has been completed before asserting IN¬ 
TACK. Conditioned by the forced jump control logic, INTACK becomes an address 
bit for the return to monitor PROH. While INTACK is high, another address bit 
reflects the position of the DIRECT/INDIRECT switch. In concert, these two 
address bits force the sequencer into one of two interrupt handling se¬ 
quences: one for direct interrupts and another for indirect interrupts. 


si 00 Bus Interface 

The SlOO bus interface consists of tri-state drivers and receivers and a Field 
Programmable Gate Array (FPGA) which produces the SlOO bus signals from logi¬ 
cal combinations of 2650 control signals. Unfortunately, the SlOO bus is far 
from standardized. Many of the signals are repetitious and different peri¬ 
pheral manufacturers make different demands of the bus. The FPGA enables you 
to modify the bus interface to meet any specific needs you may encounter. A 
detailed description of the SlOO bus interface is given in Chapter 7. 


System Power 

The INSTRUCTOR 50 obtains its system power from one of two possible sources. 
The first source is an A-C wall transformer supplied with the INSTRUCTOR 50. 
The transformer provides the INSTRUCTOR 50 with 8 VAC (rms). On board, the 
A-C input is rectified, and the resulting D-C voltage is applied to a three- 
terminal regulator. The regulator supplies 5 VDC at 1.5 amps, the system 
power requirements of the INSTRUCTOR 50. The user may optionally change a 
wire jumper at the bottom of the printed circuit board to select unregulated 8 
VDC from the SlOO bus interface as input to the regulator. 

In addition to the rectifier, the A-C input to the system is also applied to 
the resistive divider network. The reduced A-C voltage is input to a 
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comparator that outputs a 60 Hz real-time clock (50 Hz in Europe and Japan). 
This real-time clock is available to the interrupt request logic via a select 
switch at the bottom of the printed circuit board. The wall transformer can 
be used to drive the real-time clock even if system power is derived from the 
SlOO bus interface. 


The USE Monitor 

Without question, the most important component of any microcomputer (or any 
computer for that matter) is the system program. Every function or operation 
performed by a microcomputer is accomplished by executing a sequence of in¬ 
structions within the system program. 

Basically, the USE monitor is a collection of separate routines — one routine 
for each system command. A brief functional description of several routines 
with illustrative examples is provided in Chapter 5. This section provides a 
brief description of the command executive - a section of the monitor program 
that links the various command routines into a cohesive system program. 

Figure 8.7 is a flowchart of the command routine executive section of USE. 
Whenever the forced jump logic returns program control to the monitor, monitor 
execution begins at H**1800*, the first address of the executive. Beginning at 
this address, the first operation is to save the 2650 registers and Program 
Status Word. (These values are restored before program control is transferred 
to the user program). The next operation is to check certain software flags 
to determine how the forced jump logic was enabled. If it was triggered by a 
breakpoint (WRTC instruction), program control is returned by the breakpoint 
routine. Similarly, if the forced jump logic was activated by the completion 
of a single-step sequence, program control is returned to the single-step rou¬ 
tine. The alternatives to these two entry modes are power on and MON key de¬ 
pression. If the executive was entered via either of these two modes, the 
executive clears the breakpoint and step flags, since they may be on even if 
entry to the monitor was via power-on. Next, the display buffer pointer is 
set to the "HELLO** message table, and the DISPLAY subroutine is called. The 
monitor remains in this routine until a function key is depressed. 

Upon returning from the DISPLAY subroutine, RO contains the function key 
value. This value is used as an index to fetch a command routine address from 
the command address table. The address thus accessed is used for an absolute 
branch to one of the command routines. The executive is re-entered from any 
command routine when a function key is depressed. Hence, a new command ad¬ 
dress is accessed, and the monitor again branches to the specified command 
routine. Refer to the USE Program Listing in Chapter 11 for detailed informa¬ 
tion on the USE routines. 


8-16 




Figure 8,7: 


USE Command And Routine Executive 
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9. THE 2650 MICROPROCESSOR 


Introduction 


The 2650 processor is a general purpose, single chip, fixed instruction set, 
parallel 8-bit binary processor. A general purpose processor can perform any 
data manipulations through execution of a stored sequence of machine instruc¬ 
tions. The processor has been designed to closely resemble conventional bi¬ 
nary computers, but executes variable length instructions of 1 to 3 bytes in 
length. 

The 2650A microprocessor is functionally identical to the 2650, but it in¬ 
corporates a new chip design which provides improved operating margins. All 
references to the 2650 in this section apply to the 2650A as well. 

The 2650 contains a total of 7 general purpose registers, each 8 bits long. 
They may be used as source or destination for arithmetic operations, as index 
registers, and for I/O transfers. 

The processor can address up to 32,768 bytes of memory in 4 pages of 8,192 
bytes each. The processor instructions are 1, 2 or 3 bytes long, depending on 
the instruction. Variable length instructions tend to conserve memory space, 
since a 1- or 2-byte instruction may often be used rather than a 3-byte in¬ 
struction. The first byte of each instruction always specifies the operation 
to be performed and the addressing mode to be used. Most instructions use 6 
of the first 8 bits for this purpose, with the remaining 2 bits forming the 
register field. Some instructions use the full 8 bits as an operation code. 

The 2650/2650A instruction set consists of 75 basic instructions, of which 
about 40% are arithmetic instructions. This class contains the Boolean, 
arithmetic and compare operations, each of which may be executed using any one 
of eight addressing modes. Another 30% of the instruction set includes I/O 
instructions, instructions for performing operations on the two status regist¬ 
ers, a Decimal Adjust instruction and the Halt instruction. 

Utilizing multiple addressing modes greatly increases coding efficiency, al¬ 
lowing functions to be performed using fewer instructions than less powerful 
machines. The resulting reduction in routine execution time and memory 
capacity requirements directly translates into improved system performance and 
reduced memory cost. 

In addition to the microprocessor itself, a number of support circuits and de¬ 
velopment tools are also required to design and test microprocessor-based sys¬ 
tems. A growing complement of circuits and hardware and software development 
aids are available from Signetics. 

Features: 

Low System Cost 

• Low cost N-channel products 

• Intrinsic advantages of single +5V supply 
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• Uses standard low cost memories 

• Low cost interfacing 

Ease of Use 

• Easy interfacing 

• Conventional instruction set 

• Ease of prograimning 

Wide Range of Applications 

• General purpose capability 

• Powerful architecture 

• Powerful instruction set 

• Flexibility 

• Expanding family of support devices 


2650 Microprocessor Characteristics 

General 

• Single chip 8-bit processor 

• Signetics* silicon gate N-channel technology 

• Single +5V power supply 

• Low power consumption 

• Single phase TTL-compatible clock 

• Static operation: No minimum clock frequency 

• Clock frequency: 1.25 MHz maximum 

• Cycle time: 2.4us minimum 

• Standard 40-pin DIP 

Interfaces 


TTL-corapatible inputs and outputs-no external resistors required. 
Tri-state bus outputs for multiprocessor and direct memory access 
systems. 

Asynchronous (handshaking) memory and I/O interface. 

Accepts wide range of memory timing. 

Interfaces directly with industry standard memories. 

Powerful control interface. 

Single-bit direct serial I/O path. 

Parallel 8-bit I/O capability. 


Architecture 


• 8-bit bidirectionsl tri-state data bus. 

• Separate tri-state address bus. 

• 32,768-byte addressing range. 

• Internal 8-bit parallel structure. 

• Seven 8-bit addressable general purpose registers. 

• Eight-level on-chip subroutine return address stack. 

• Program status word for flexibility and enhanced processing power. 

• Single-level hardware vectored interrupt capability. 

• Interrupt service routines may be located an 3 ^here in addressable 
memory. 
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Instruction Set 


• General purpose instruction set with substantial capabilities in 
arithmetic, character manipulation and control and I/O processing 

• Fixed instruction set 

• 75 instructions 

• Up to 8 addressing modes 

• True indexing with optional auto increment/decrement 

• 1, 2 or 3-byte instructions 

• 1 and 2-byte I/O instructions 

• Selective test of individual bits 

• Powerful instruction set and addressing modes minimize memory re¬ 
quirements. 

Internal Organization 

The block diagram of the 2650 series, Figure 9.1, shows the major internal 
components and the data paths that interconnect them. In order for the pro¬ 
cessor to execute an instruction, it performs the following general steps: 

1. The Instruction Address Register provides an address for memory. 

2. The first byte of an instruction is fetched from memory and stored in the 
Instruction Register. 

3. The Instruction Register is decoded to determine the type of instruction 
and the addressing mode. 

4. If an operand from memory is required, the operand address is resolved 
and loaded into the Operand Address Register. 

5. The operand is fetched from memory and the operation is executed. 

6. The first byte of the next instruction is fetched. 

The Instruction Register (IR) holds the first byte of each instruction and 
directs the subsequent operations required to execute each instruction. The 
IR contents are decoded and are used in conjunction with the timing informa¬ 
tion to control the activation and sequencing of all the other elements on the 
chip. The Holding Register is used in some multiple-byte instructions to con¬ 
tain further instruction information and partial absolute addresses. 

The Arithmetic Logic Unit (ALU) is used to perform all of the data manipula¬ 
tion operations, including load, store, add, subtract, AND, inclusive-OR, ex- 
clusive-OR, compare, rotate, increment and decrement. It contains and controls 
the Carry bit, the Overflow bit, the Interdigit Carry and the Condition Code 
register parts of the Program Status Word. 

The Register Stack contains 6 registers that are organized into two banks of 
three registers each. The Register Select bit (RS) of the Program Status Word 
picks one of the two banks to be accessed by instructions. In order to ac¬ 
commodate the register-to-register instructions, register zero (RO) is outside 
the array. Thus, register zero is always available along with one set of 
three registers. 

The Instruction Address Register (lAR) holds the address of the next instruc¬ 
tion byte to be accessed. The Address Adder is used to increment the instruc¬ 
tion address and to calculate relative and indexed addresses. The Operand Ad¬ 
dress Register stores operand addresses and sometimes contains intermediate 
results during effective address calculations. 
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2650/2650A BLOCK DIAGRAM 


ADDRESS 

BUS 



Figure 9.1 


MAJOR 2650/2650A REGISTERS 



PAGE CONTROL 


7 0 

PSU 


STACK POINTER 
UNUSED 

INTERRUPT INHIBIT 
FLAG 


7 0 

PSL 

CARRY BIT 

LOGICAL/ARITH COMPARE 
OVERFLOW BIT 
WITH/WITHOUT CARRY 
REGISTER BANK SELECT 
INTERDIGIT CARRY 
CONDITION CODE 

PROGRAM STATUS WORD 


NOTES 

Not all internal registers are shown. 




Figure 9.2 
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The Return Address Stack (RAS) is an 8-level, Last-In, First-Out (LIFO) memory 
which receives the return address whenever a Branch-to-Subroutine instruction 
is executed. When a Return instruction is executed, the RAS provides the last 
return address for the processor’s lAR. The stack contains 8 levels of stor¬ 
age so that subroutines may be nested up to 8 levels deep. The Stack Pointer 
(SP) is a 3-bit wraparound counter that indicates the next available level in 
the stack. It always points to the current return address. Placing the RAS on 
the chip allows efficient ROM-only systems to be implemented in some applica¬ 
tions. 

Figure 9.2 summarizes the 2650 internal registers as seen by the programmer. 

Program Status Word 

The Program Status Word (PSW) is a major feature of the 2650/2650A which 
greatly increases its flexibility and processing power. The PSW is a special 
purpose register within the processor that contains status and control bits. 
It is 16 bits long and is divided into two bytes called the Program Status Up¬ 
per (PSU) and Program Status Lower (PSL). 

The PSW bits may be tested, loaded, stored, preset or cleared using the in¬ 
structions which effect the PSW. The Sense bit, however, cannot be set or 
cleared because it is directly connected to pin 1. The PSW is organized as 
follows: 


7 

6 

5 

4 

3 

2 

1 

0 

S 

F 

II 

Not 

Used 

Not 

Used 

SP2 

SP1 

SPO 


S Sense SP2 Stack Pointer Two 

F Flag SP1 Stack Pointer One 

il Interrupt Inhibit SPO Stack Pointer Zero 



6 

5 

4 

3 

2 

1 

0 

o 

g 

CCO 

IDC 

RS 

WC 

OVF 

COM 

c 


CCl Condition Code One 
CCO Condition Code Zero 
IDC Interdigit Carry 
RS Register Bank Select 


WC With/Without Carry 
OVF Overflow 
COM Logical/Arithmetic 
Compare 
C Carry/Borrow 


Sense (S) 

The Sense bit in the PSU reflects the logic state of the input to the pro¬ 
cessor at pin 1. The Sense bit is not affected by the LPSU, PPSU or CPSU in¬ 
structions. 

Flag (F) 

The flag bit is a simple latch that drives the FLAG output (pin 40) on the 
processor. 
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Interrupt Inhibit (ll) 


When the Interrupt Inhibit bit is set (II = 1), the processor will not re¬ 
cognize an incoming interrupt. When interrupts are enabled (II = 0), and an 
interrupt signal occurs, the inhibit bit in the PSU is automatically set. 
When a Return-and-Enable instruction is executed, the inhibit bit is automa¬ 
tically cleared. 

Stack Pointer (SP) 

The three stack pointer bits are used to address locations in the Return Ad¬ 
dress Stack (RAS). The SP designates the stack level which contains the cur¬ 
rent return address. The SP bits are organized as a binary counter which is 
automatically incremented with execution of Branch-to-Subroutine instructions 
and decremented with execution of Return instructions. 

Condition Code (CC) 

The Condition Code is a 2-bit register which is set by the processor whenever 
a general purpose register is loaded or modified by the execution of an in¬ 
struction. Additionally, the CC is set to reflect the result of a Compare in¬ 
struction or a Test instruction. 

The following table indicates the setting of the condition code whenever data 
is set into a general purpose register. The data byte is interpreted as an 8- 
bit, two's complement number: 


REGISTER 



CONTENTS 

CCl 

cco 

Positive 

0 

1 

Zero 

0 

0 

Negative 

1 

0 


For Compare instructions, the data is compared as two 8-bit absolute numbers 
if the COM bit of the Program Status Lower byte is set to indicate "logical" 
compare (COM =1). If the COM bit indicates "arithmetic" compare (COM = 0), 
the comparison instructions interpret the data bytes as two 8-bit two's com¬ 
plement binary numbers. The CC indicates the result of the comparison as 
follows: 


REGISTER TO MEMORY 

COMPARE INSTRUCTION 

REGISTER TO REGISTER 

COMPARE INSTRUCTION 

CCl 

CCO 

Reg X greater than Memory 

Reg 0 greater than Reg X 

0 

1 

Reg X equal to Memory 

Reg 0 equal to Reg X 

0 

0 

Reg X less than Memory 

Reg 0 less than Reg X 

1 

0 


The test instructions set the CC to indicate whether the bits in the selected 
register that correspond to the one's in the mask (second byte of the test in¬ 
struction) are all one's or not all one's. The following table describes the 
condition code setting for the test instructions: 


9-6 




RESULTS 

CCl 

cco 

All of the selected 



bits are Is 

0 

0 

Not all of the selected 



bits are Is 

1 

0 


The CC is never set to "1” by normal processor operations, but it may be ex¬ 
plicitly set to ”11** through LPSL or PPSL instruction execution. 

Interdigit Carry (IDC) 

For BCD arithmetic operations, it is sometimes essential to know if there was 
a carry from bit 3 to bit 4 during the execution of an arithmetic instruction. 

The IDC reflects tha value of the interdigit carry from the previous add or 
subtract instruction. After any add or subtract instruction execution, the 
IDC contains the carry or borrow out of bit 3. 

The IDC is also modified upon execution of Rotate instructions when the WC bit 
in the PSW is set. The IDC will reflect the same information as bit 5 of the 
operand register after the rotate is executed. 

Register Select (RS) 

There are two banks of general purpose registers with three registers in each 
bank. The Register Select bit is used to specify which set of general purpose 
registers will be currently used. Register 0 is common and is always avail¬ 
able to the program. An individual instruction may address only 4 registers, 
but the bank select feature effectively expands the available on-chip reg¬ 
isters to 7. When the Register Select bit is 0, registers 1, 2 in register 

bank 0 will be accessible, and when the bit is 1, registers 1, 2 and 3 in reg¬ 
ister bank 1 will be accessible. 

With/Without Carry (WC) 

This bit controls the execution of the Add, Subtract and Rotate instructions. 

Whenever an Add or a Subtract instruction executes, the following bits are 
either set or cleared: Carry/Borrow (C), Overflow (OVF) and Interdigit Carry 
(IDC). These bits are set or reset without regard to the value of the WC 
bit. However, when WC = 1, the previous value of the carry bit affects the 
result of an Add or Subtract instruction, i.e., the carry bit is either added 
to (Add instruction) or subtracted from (Subtract instruction) the result of 
the operation. 

Whenever a Rotate instruction executes with WC = 0, only the 8 bits of the ro¬ 
tated register are affected. However, when WC = 1, the following bits are al¬ 

so affected: Carry/Borrow (C), Overflow (OVF) and Interdigit Carry (IDC). 
The Carry /Borrow bit is combined with the 8-bit register to make a 9-bit ro¬ 
tate (see Figure 9.3). The Overflow bit is set whenever the sign bit (bit 7) 

of the rotated register changes from a 0 to a 1 and is cleared otherwise. The 

Interdigit Carry bit is set to the new value of bit 5 of the rotated register. 
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ROTATE OPERATIONS 




7 6 5 4 3 2 1 0 

Rotate Register Left or Right With Carry 




(NOT 7 6 5 4 3 2 1 0 

CHANGED) 

Rotate Register Left or Right 
Without Carry 


Figure 9.3. 


Compare (COM) 

The Compare Control bit determines the type of comparison that is executed 
with the Compare instructions. Either logical or arithmetic comparisons may 
be made. The arithmetic compare assumes that the comparison is between 8-bit, 
two*s complement numbers (-128 to +127). The logical compare assumes that the 
comparison is between 8-bit positive binary numbers (0 to +255). When COM is 
set to 1, the comparisons will be logical, and when COM is set to 0, the com¬ 
parisons will be arithmetic. See Condition Code (CC). 

Carry (C) 

The Carry bit is set or cleared by the execution of Add or Subtract instruc¬ 
tions. The Carry bit is set to 1 by an Add instruction that generates a carry 
and a Subtract instruction that does not generate a borrow out of the high- 
order bit of the ALU. Conversely, an add that does not generate a carry 
causes the C bit to be cleared as does a subtract instruction that generates a 
borrow. 

Even though a borrow is indicated by a zero in the Carry bit, the processor 
will correctly interpret the zero during subtract with borrow operations. For 
a subtract without borrow operation (WC = 0), the processor automatically pro¬ 
vides the proper borrow input into the ALU. However, if operations with carry 

are being performed (WC - 1), the Carry bit must be preset to a 1 by a PPSL 

instruction in order for the result of a single byte subtraction (or the re¬ 
sult of the first subtraction of a multiple byte subtraction) to be correct. 

The Carry bit may also be set or cleared by Rotate instructions as described 

earlier under ’*With/Without Carry.” 

To perform an Add with Carry or a Subtract with Borrow, the WC bit must be set 
(WC = 1). 
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Overflow (OVF) 


The Overflow bit is set during Add instruction execution whenever the two in¬ 
itial operands have the same sign but the result has a different sign. Adding 
operands with different signs cannot cause overflow. Example: A binary +124 
(01111100) added to a binary +64 (01000000) produces a result of (10111100) 
which is interpreted in two's complement form as a -68. The true answer would 
be 188, but that answer cannot be contained in the set of 8-bit, two's com¬ 
plement numbers used by the processor, so the OVF bit is set. 

The overflow bit is also set during Subtract instruction execution whenever 
the minuend and the subtrahend have different signs, but the result has a sign 
that is different from the sign of the minuend. Subtraction of operands with 
the same signs cannot cause overflow. These conditions are summarized in 
Table 9.1 


TABLE 9.1 


SIGN (BIT 7) 

ADD 

OVF 

SUB 

OVF 

Oper¬ 
and 1 

Oper¬ 
and 2 

Re¬ 

sult 

+ 

+ 

+ 

0 

0 


+ 

- 

1 

0 

+ 

- 

+ 

0 

0 

+ 

- 

- 

0 

1 

- 

+ 

+ 

0 

1 

- 

+ 

- 

0 

0 

- 

- 

+ 

1 

0 

- 

- 

- 

0 

0 


The Rotate instructions will cause an overflow if the WC bit is set and the 
sign bit changes from a zero to a 1 as a result of the rotate. If the WC bit 
is not set, the OVF bit is not affected. 


SIGN (BIT 7) 

OVF 

Before 

Rotate 

After 

Rotate 

+ 

+ 

0 

+ 

- 

1 

- 

+ 

0 

- 

- 

0 


Memory Organization 

The 2650/2650A can address memory in locations to 32,767jq. As may be 

seen in the Instruction section of this chapter, most direct addressing in¬ 

structions have 13 bits allocated for the direct address. Since 13 bits can 
only address locations to 8,191jq, a paging system is used to ac¬ 

commodate the entire address range. 

The memory may be thought of as being divided into 4 pages of 8,192 bytes 

each. The addresses in each page are as shown below. 
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PAGE 

START ADDRESS 

END ADDRESS 


0 

000000000000000 

001111111111111 


1 

010000000000000 

011111111111111 

8192jq-16,383^q 

2 

100000000000000 

101111111111111 

16,384^q-24,575jq 

3 

110000000000000 

111111111111111 

24,576^q-32,767^q 


The low order 13 bits in every page range through the same set of numbers. 

These 13 bits are the 13 bits addressed by Non-Branch instructions and are al¬ 

so the same 13 bits which are brought out of the 2650/2650A on the address 
lines ADR0-ADR12. 

The two high-order bits of the 15-bit address are known as the page bits. The 
page bits when examined by themselves represent, in binary, the number of the 
memory page. Thus, the address 010000001101101 is known as address location 

109io !• Tbe page bits, which correspond to ADR13 and ADR14, are 

brought out of the 2650/2650A on pins 19 and 18. 

There are no instructions to explicitly set the page bits. They are set 
through execution of Direct or Indirect, Branch or Branch-to-Subroutine in¬ 
structions. These instructions (see Instruction section) have 15 bits al¬ 
located for the address field. When such an instruction is executed, the two 
high-order address bits are set into the page bit latches in the 2650/2650A 
processor and will appear on ADR 13 and ADR 14 during direct memory accesses 
until they are specifically changed by another instruction of the branch type. 

For memory access from Non-Branch instructions, the 13-bit direct address will 
address the corresponding location within the current page only. However, the 
Non-Branch Memory Access instructions may access any byte in any page through 
indirect addressing which provides the full 15-bit address. In the case of 
Non-Branch instructions, the page bits are only temporarily changed to cor¬ 
respond to the high order 2 bits of the 15-bit indirect address used to fetch 
the argument byte. Immediately after the memory access, ADR13 and ADR14 will 
revert to their previous value. 

The consequences of this page address system may be summarized by the fol¬ 
lowing statement s: 

1. The Reset signal clears both page latches, i.e., ADR13 and ADR14 are 
cleared to zero. 

2. All Non-Branch Direct Memory Access instructions address memory within 
the current page. 

3. All Non-Branch Memory Access instructions may access any byte of address¬ 
able memory through use of indirect addressing which temporarily changes 
the page bits for the argument access. The page bits revert back to 
their previous state immediately following instruction execution. 

4. All Direct and Indirect Addressing Branch instructions set the page bits 
to correspond to the high order 2 bits of the 15-bit address. 
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5. Programs may not flow across page boundaries. They must branch to set 
the page bits. 

6. Interrupts always drive the processor to page zero (see Interrupt Mechan¬ 
ism section of this chapter). 

Interface 

Pin Configuration 

The 2650/2650A is packaged in a standard dual-in-line 40-pin package. Figure 
9.4 illustrates the pin configuration for the 2650/2650A, and Table 9.2 sum¬ 
marizes the characteristics of the interface signals. 

Signal Descriptions 

RESET (Pin 16) 

The RESET signal is used to cause the 2650/2650A to begin processing from a 
known state. RESET will normally be used to initialize the processor after 
powerup or to restart a program. RESET clears the Interrupt Inhibit control 
bit, clears the internal interrupt-waiting signal and initializes the lAR to 
zero. RESET is normally low during program execution, and must be driven high 
to activate the reset function. The leading and trailing edges may be asyn¬ 
chronous with respect to the clock, but the Reset signal must be at least 3 
clock periods long. If RESET alone is used to initiate processing, the first 
instruction will be fetched from Memory location page zero, byte zero after 
the RESET signal is removed. Any instruction may be programmed for this lo¬ 
cation including a branch to some program located elsewhere. 

Processing can also be initiated by combining an interrupt with a reset. In 
this case, the first instruction to be executed will be at the interrupt ad¬ 
dress. 

CLOCK (Pin 38) 

The CLOCK signal is a positive-going pulse train that determines the instruc¬ 
tion execution rate. Three clock periods comprise a processor cycle. Direct 
instructions are 2, 3 or 4 processor cycles long, depending on the specific 
type of instruction. Indirect addressing adds 2 processor cycles to the di¬ 
rect instruction times. 

ADR (Pins 2-14, 18-19) 

Tlie Address signals form a 15-bit path out of the processor and are used pri¬ 
marily to supply memory addresses during memory operations. The addresses re¬ 
main valid as long as OPREQ is on so that no external address register is re¬ 
quired. For extended I/O operations, the low order 8 bits of the ADR lines 
are used to output the immediate byte of the instruction which typically is 
interpreted as a device address. 

The 13 low order lines of the address are used only for address information. 
The 2 high order address lines are multiplexed with I/O control information. 
During memory operations, the lines serve as memory addresses. During I/O 
operations, they serve as the D/C and E/NE control lines. Demultiplexing is 
accomplished through use of the Memory/IO control line (see D/C and E/NE 
below). 
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ABBREVIATION PINS 


TYPE 


FUNCTION 


SIGNAL SENSE 


GND 

1 

INPUT 

Ground 

GND = 0 

VCC 

1 

INPUT 

+5 Volts ± 5% 

VCC = 1 

RESET 

1 

INPUT 

Chip Reset 

RESET = 1, causes reset 

CLOCK 

1 

INPUT 

Chip Clock 

CLOCK = 0 (low), CLOCK = 1 (high) 

PAUSE 

1 

INPUT 

Temp. Halt execution 

PAUSE = 0, temporarily halts execution 

INTREQ 

1 

INPUT 

Interrupt Request 

INTREQ = 0, requests interrupt 

OPACK 

1 

INPUT 

Operation Acknowledge 

OPACK = 0, acknowledges operation 

SENSE 

1 

INPUT 

Sense 

SENSE = 0 (low) or SENSE = 1 (high) 

ADREN 

1 

INPUT 

Address Enable 

ADREN = 1 drives into third state 

DBUSEN 

1 

INPUT 

Data Bus Enable 

DBUSEN = 1 drives into third state 

DBUS0-DBUS7 

8 

IN/OUT 

Data Bus 

DBUSn = 0 (low). DBUSn = 1 (high) 

ADR0-ADR12 

13 

OUTPUT 

Address 0 through 12 

ADRn = 0 (low), ADRn = 1 (high) 

ADR13 or E/NE 

1 

OUTPUT 

Address 13 or Extended/Non-Extended 

Non-Extended = 0, Extended = 1 

ADR14or D/C 

1 

OUTPUT 

Address 14 or Data/Control 

Control = 0, Data = 1 

OPREQ 

1 

OUTPUT 

Operation Request 

OPREQ = 1, requests operation 

M/IO 

1 

OUTPUT 

Memory/IO 

lO = 0, M = 1 

R/W 

1 

OUTPUT 

Read/Write 

R = 0, W = 1 

FLAG 

1 

OUTPUT 

Flag Output 

FLAG = 1 (high), FLAG = 0 (low) 

INTACK 

1 

OUTPUT 

Interrupt Acknowledge 

INTACK = 1, acknowledges interrupt 

RUN/WAIT 

1 

OUTPUT 

Run/Wait Indicator 

RUN = 1, WAIT = 0 

WRP 

1 

OUTPUT 

Write Pulse 

WRP = 1 (pulse), causes writing 


Table 9.2 INTERFACE SIGNALS 
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ADREN (Pin 15) 


The Address Enable signal allows external control of the tri-state address 
outputs (ADR0-ADR12). When ADREN is driven High, the address lines are 
switched to their third state and show a high output impedance. This feature 
allows wired-OR connections with other signals. The ADR13 and ADR14 lines 
which are multiplexed with other signals are not affected by ADREN. 

When a system is not designed to utilize the feature, the ADREN input may be 
connected permanently to a low signal source. 

DBUS (Pins 26-33) 

The Data Bus signals form an 8-bit bidirectional data path in and out of the 
processor. Memory and I/O operations use the data bus to transfer the write 
or read data to or from memory or the I/O device. 

The direction of the data flow on the data bus is indicated by the state of 
the R/W line. For write operations, the output buffers in the processor out¬ 
put data to the bus for use by memory or by external devices. For read opera¬ 
tions, the buffers are disabled and the data condition of the bus is sensed by 
the processor. The output buffers may also be disabled by the DBUSEN signal. 

The signals on the data bus are positive true signals, i.e., a one is a high 
level and a zero is low. 

DBUSEN (Pin 25) 

The Data Bus Enable signal allows external control of the tri-state data bus 
output drivers. When DBUSEN is driven high, the data bus will exhibit a high 
output impedance. This allows wired-OR connection with other signals. 

When a system is not designed to utilize this feature, the DBUSEN input may be 
permanently connected to a low signal source. 

OPREQ (Pin 24) 

The Operation Request output is the coordinating signal for all external 
operations. The M/IO, R/W, E/NE, D/C and INTACK lines are operation control 
signals that describe the nature of the external operation when the OPREQ line 
is true. The DBUS and ADR bus also should not be considered valid except when 
OPREQ is in the high, or on state. 

OPREQ will stay on until the external operation is complete, as indicated by 
the OPACK input. The processor delays all internal activity following an 
OPREQ until the OPACK signal is received. 

OPACK (Pin 36) 

The Operation Acknowledge signal is a reply from external memory or I/O de¬ 
vices as a response to the Operation Request signal from the processor. OPREQ 
is used to initiate an external operation. The affected external device indi¬ 
cates to the processor that the operation is complete by returning the OPACK 
signal. This procedure allows asynchronous functioning of external devices. 

If a memory operation is initiated by the processor, the memory system will 
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provide an OPACK when the requested memory data is valid on the data bus or 
when the Memory Write operation is completed. If an I/O operation is initiat¬ 
ed by the processor, the addressed I/O device may respond with an OPACK as 
soon as the write data is accepted from the data bus, or after the read opera¬ 
tion is completed. If an I/O operation is initiated by the processor, the ad¬ 
dressed I/O device may respond with an OPACK as soon as the write data is ac¬ 
cepted from the data bus, or after the read operation is completed. However, 
in order to avoid slowing down the processor when using memories or I/O de¬ 
vices that are just fast enough to keep the processor operating at full speed, 
the OPACK signal must be returned before the external operation is completed. 
Any OPACK that is returned within 640ns following an OPREQ will not delay the 
processor. Data from a read operation can return up to 850ns after an OPREQ 
is sent and still be accepted by the processor. If all devices will always 
respond within these time limits, the OPACK line may be permanently connected 
in the on (low) state. Whenever an OPACK is not available within that time, 
the processor will delay instruction execution until the first clock following 
receipt of the OPACK. All output line conditions remain unchanged during the 
delay, and the processor does not enter the wait state. OPACK is true in the 
low state and false in the high state. 

M/IO (Pin 20) 

The Memory/10 output is one of the operation control signals that defines ex¬ 
ternal operations. M/IO indicates whether an operation is memory or I/O, and 
should be used to gate read or write signals between the 2650/2650A and memory 
or I/O devices. 

The state of M/IO will not change while OPREQ is high. The high state cor¬ 
responds to a memory operation, and the low state corresponds to an I/O opera¬ 
tion. 

R/W (Pin 23) 

The Read/Write output is one of the operation control signals that defines ex¬ 
ternal operations. R/W indicates whether an operation is read or write. It 
controls the nature of the external operation and indicates whether the bi¬ 
directional DBUS is driving or receiving data. R/W should not be considered 
valid until OPREQ is on, and the state of the R/W line does not change as long 
as OPREQ is on. 

The high state corresponds to the write operation and the low state cor¬ 
responds to the read operation. 

D/C (Pin 18) 

The Data/Control output is an I/O signal which is used to discriminate between 
the execution of the two types of 1-byte I/O instructions. There are four 
1-byte I/O instructions: WRTC, WRTD, REDC, REDD. When Read Control or Write 
Control is executed, the D/C line takes on the low state which indicates Con¬ 
trol (C). When Read Data or Write Data is executed, the D/C line takes on the 
high state, indicating Data (D). “Data” and “Control" are identifiers only 
and are not indicative of the type of information which is transferred. 

D/C is multiplexed with a high-order address line. When the M/IO line is in 
the I/O state, the ADR14-D/C line should be interpreted as “D/C.“ When the 
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M/IO line is in the M state, the ADR14-D/C line should be interpreted as 
memory address bit 14. 

When the processor responds to an interrupt request with an INTACK, the state 
of the control lines is equivalent to that occurring during a Read Control 
operation. Thus, port C may be used to input the interrupt address vector to 
the data bus. If this type of operation is not desired, INTACK must be used 
to inhibit the reading of port C. 

E/NE (Pin 19) 

The Extended/Non-Extended output is the operation control signal that is used 
to discriminate between 2-byte and 1-byte I/O operations. There are 61/0 in¬ 
structions: REDE, WRTE, REDC, REDD, WRTC, WRTD. When either of the 2-byte 
I/O instructions is executed (REDE, WRTE), the E/NE line takes on the high 
state or ’’extended” indication. When any of the 1-byte I/O instructions is 
executed, the line takes on the low state or ”non-extended” indication. Thus, 
E/NE indicates the presence or absence of valid information on the 8 loworder 
address lines during I/O operations. E/NE is multiplexed with a high-order 
address line. When the M/IO line is in the I/O state, the ADR13-E/NE line 
should be interpreted as ”E/NE.” When the M/IO line is in the M state, the 
ADR13-E/NE line should be interpreted as memory address bit 13. E/NE should 
not be considered valid until: (a) OPREQ is on, and (b) M/IO indicates an I/O 
operation, 

FLAG (Pin 46) 

The FLAG output indicates the state of the FLAG bit in the PSW. Any change in 
the FLAG bit is reflected by a change in the FLAG output. A 1 in the FLAG bit 
will give a high level on the FLAG output pin. The LPSU, PPSU and CPSU in¬ 
structions can change the state of the FLAG bit. The FLAG output is always a 
valid indication of the state of the FLAG bit without regard for the status of 
the processor or control signals. Changes in the FLAG bit are synchronized 
with the last cycle of the changing instruction. 

SENSE (Pin 1) 

The SENSE line provides an input line to the 2650/2650A that is independent of 
the normal I/O bus structures. The SENSE signal is connected directly to one 
of the bits in the program status word. It may be stored or tested by an 
executing program. When a Store (SPSU) or Test (TPSU) instruction is execut¬ 
ed, the SENSE line is sampled during the last cycle of the instruction. 

Through proper programming techniques, the SENSE signal may be used to imple¬ 
ment a direct serial data input channel or it may be used to present any bit 
of information that the designer chooses. 

The SENSE input and FLAG output facilities provide the simplest method of com¬ 
municating data in or out of the 2650/2650A processor, as neither address de¬ 
coding nor synchronization with other processor signals is necessary. 

PAUSE (Pin 39) 

The PAUSE input provides a means for temporarily stopping the execution of a 
program. When PAUSE is driven low, the 2650/2650A finishes the instruction in 
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progress and then enters the wait state, causing the RUN/WAIT output to go 
low. When PAUSE goes high, program execution continues with the next in¬ 
struction, and RUN/WAIT returns to the high state. If PAUSE is turned on and 
then off again before the last cycle of the current instruction begins, pro¬ 
gram execution continues without PAUSE. The PAUSE line must be held on until 
RUN/WAIT goes low or the processor may continue without pausing. If both 
PAUSE and INTREQ occur prior to the last cycle of the current instruction, the 
interrupt will be recognized, and an INTACK will be generated immediately fol¬ 
lowing release of PAUSE. The next instruction to be executed will be a ZBSR 
to service the interrupt. 

If an INTREQ occurs while the 2650/2650A is in a wait state due to PAUSE, the 
interrupt will be acknowledged and serviced after execution of the next normal 
instruction following release of PAUSE. 

RUN/WAIT (Pin 35) 

The run/wait output signal indicates the Run/Wait status of the processor. 
The wait state may be entered by executing a Halt instruction or by turning on 
the PAUSE input. At any other time, the processor will be in a run state. 

When the processor is executing instructions, the line is in the high or run 
state; when in the wait state, the line is held low. 

The Halt-initiated wait condition can be changed to run by a RESET or an In¬ 
terrupt. The PAUSE-initiated wait condition can be changed to run by removing 
the PAUSE input. 

If a RESET occurs during a PAUSE-initiated wait state and the PAUSE remains 
low, the processor will be reset, fetch one instruction from page zero byte 
zero and return to the wait state. When the PAUSE is eventually removed, the 
previously fetched instruction will be executed. 

INTREQ (Pin 17) 

The Interrupt Request input (normally high) is a means for external devices to 
change the flow of program execution. When the processor recognizes an 
INTREQ, i.e., INTREQ is driven low, it finishes the instruction in progress, 
inserts a ZBSR instruction into the IR, turns on the Interrupt Inhibit bit in 
the PSU, and then responds with INTACK and OPREQ signals. Upon receipt of 
INTACK, the interrupting device may raise the INTREQ line and present a data 
byte to the processor on the DBUS. The required byte takes the same form as 
the second byte of a ZBSR instruction. Thus, the interrupt initiated 
Branch-to Subroutine instruction may have a relative target address anywhere 
within the first or last 64 bytes of memory page 0. If indirect addressing is 
specified, a branch to any location in addressable memory is possible. 

The relative address presented by the interrupting device is handled with a 
normal I/O Read sequence using the usual interface control signals. The ad¬ 
dition of the INTACK signal distinguishes the Interrupt Address operation from 
other operations that may take place as part of the execution of the inter¬ 
rupted instruction. At the same time that it acknowledges the INTREQ, the 
processor automatically sets the bit that inhibits recognition of further in¬ 
terrupts. The Interrupt Inhibit bit may be cleared anytime during the in- 
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terrupt service routine, or a Return-and-Enable instruction may be used to en¬ 
able interrupts upon leaving the routine. If an INTREQ is waiting when the 
Interrupt Inhibit bit is cleared, it will be recognized and processed im¬ 
mediately without the execution of an intervening instruction. 

INTACK (Pin 34) 

The Interrupt Acknowledge signal is used by the processor to respond to an ex¬ 
ternal interrupt. When an INTREQ is received, the current instruction is com¬ 
pleted before the interrupt is serviced. When the processor is ready to ac¬ 
cept the interrupt, it sets INTACK to the high, or on, state along with 
OPREQ. The interrupting device then presents a relative address byte to the 
DBUS and responds with an OPACK signal. INTREQ may be turned off anytime fol¬ 
lowing INTACK. INTACK will fall after the processor receives the OPACK signal. 

WRP (Pin 22) 

The Write Pulse output is a timing signal from the processor that provides a 
positive-going pulse in the middle of each requested write operation (memory 
or I/O) and a high level during read operations. The WRP is designed to be 
used with Signetics* 2606 memory circuits to provide a timed chip enable 
signal. For use with memory, it may be gated with the M/IO signal to generate 
a memory write pulse. 

Because the WRP pulse occurs during any write operation, it may also be used 
with I/O write operations where convenient. 

Signal Timing 

The clock input to the 2650/2650A provides the basic timing information that 
the processor uses for all its internal and external operations. The clock 
rate determines the instruction execution time, except to the extent that 
external memories and devices slow the processor down. The maximum clock rate 
of the standard 2650/2650A is 1.25 megacycles (1 clock period = 800ns 
minimum). One unique feature of the 2650/2650A is that the clock frequency 
may be slowed down to dc, allowing complete timing flexibility for 
interfacing. This feature permits single stepping the clock which can greatly 
simplify system checkout. It also provides an easy method to halt the 
processor. Each 2650/2650A cycle is comprised of 3 clock periods. Direct 
instructions require either 2, 3 or 4 processor cycles for execution and, 
therefore, vary from 4.8 to 9.6us in duration. 

OPREQ is the master control signal that coordinates all operations external to 
the processor. Many of the other signal interactions are related to OPREQ. 
The timing diagrams (Figures 9.5, 9.6 and 9.7) assume that the clock periods 
are constant and that OPACK is returned in time to avoid delaying instruction 
execution. In that case, OPREQ will be high for 1.5 clock periods and then 
will be low for another 1.5 clock periods. 

The interface control signals have been designed to allow implementation of 
asynchronous interfaces for both memory and input/output devices. The control 
signals are relatively simple and provide the following advantages: no 
external synchronizing is necessary, external devices may run at any data rate 
up to the processor's maximum I/O data rate, and, because data signals are 
furnished with guard signals, the external devices are often relieved of the 
necessity of latching information. 
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The timing diagrams (Figures 9.5, 9.6, and 9.7) are for illustrative purposes 
only and are not meant to convey precise timing relationships. Consult the 
2650/2650A data sheet for detailed DC and AC parameter information. 

Memory Read 

The timing for a typical Memory Read operation is shown in Figure 9.5. When 
reading memory, the 2650/2650A simultaneously switches OPREQ to the high 
state, M/IO to M (memory), R/W to R (read), and places the memory address on 
lines ADR0-ADR14. Even though the ADR13 and ADR14 lines are multiplexed with 
I/O control information, they contain valid address data during memory 
operations, so special demultiplexing or gating circuitry is not required. 

Once the memory logic has determined the simultaneous existence of the signals 
mentioned above, it places the true data corresponding to the given address 
location on the data bus (DBUS0-DBUS7), and returns an OPACK signal to the 
processor. The processor, recognizing the OPACK, strobes the data into the 
receiving register and lowers OPREQ. This completes the Memory Read sequence. 



If the OPACK signal is delayed by the memory device, the processor waits until 
it is received. OPREQ is lowered only after the receipt of OPACK. The memory 
device should raise OPACK after OPREQ falls. If the memory will always 
respond within the allowed time, the OPACK input may be left permanently in 
the low state. 

Memory Write 

The signals involved with the processor's Memory Write sequence are similar to 
those used in the Memory Read sequence with the following exceptions: 

1. The R/W signal is in the write state; and 

2. The WRP signal provides a positive-going pulse during the write sequence 
which may be used as a chip enable, write pulse, etc. 
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Figure 9.6 demonstrates the signals that occur during a memory Write operation. 



I/O Device Read 

The timing sequences for the I/O Read instructions are the same as the Memory 
Read sequences with the following exceptions: The M/IO signal is switched to 
10, the ADR13 signal becomes the E/NE (Extended/Non-Extended) signal, and for 
Non-Extended instructions, the ADR14 signal becomes the D/C (Device/Control) 
signal. The address lines only contain valid information for extended 
instructions. 

Figure 9.7 shows the signals that occur for an I/O Device Read operation. 

I/O Device Write 

The timing sequences for I/O Write operations are similar to those shown in 
Figure 9.7 for an I/O Read operation except that the R/W signal is in the wait 
(high) state and the WRP signal provides a positive-going pulse during the 
OPREQ time. In addition, the data bus signals are provided by the 2650/2650A. 

A Minimal System Example 

The 2650/2650A has been designed for low cost, easy interfacing, which is 
illustrated by a minimal configuration shown in Figure 9.8. This system has a 
Teletype interface, 1024 bytes of ROM, and 256 bytes of RAM, yet requires only 
7 standard integrated circuit packages. The ROM can contain a bootstrap 
loader and I/O driver programs for the Teletype. Other programs could reside 
in ROM or be read into RAM via the Teletype. An alternative to the 2608 
n-channel MOS ROM is the 82S115 bipolar PROM which offers a 512X8 
organization. Only one +5 volt power supply is required for this system. The 
advantages of conceptual simplicity and minimum system costs of the 2650/2650A 
approach will become obvious to the system designer, particularly when 
compared with alternative microprocessor products. 
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Figure 9.8 
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Input/Output Facilities 

The 2650/2650A processor provides several mechanisms for performing input/out¬ 
put functions. They are Flag and Sense, Non-Extended I/O instructions, Ex¬ 
tended I/O instructions and Memory I/O. These four facilities are described 
below. 

Flag and Sense I/O 

The 2650/2650A has the ability to directly output 1 bit of data without 
additional address decoding or synchronizing signals. 

The bit labeled **Flag" in the Program Status Word is connected through a 
TTL-compatible driver to the chip output at pin 40. The Flag output always 

reflects the value in the Flag bit. When a program changes the Flag bit 

through execution of an LPSU, PPSU, or CPSU instruction, the bit will be set 
or cleared during the last cycle of the instruction that changes it. 

The Flag bit may be used conveniently for many different purposes. The 
following is a list of some possible uses: 

1. A serial output channel 

2. An additional address bit to increase addressing range. 

3. A switch or toggle output to control external logic. 

4. The origin of a pulse for polling chains of devices. 

The Sense bit performs the complementary function of the Flag and is a single 
bit direct input to the 2650/2650A. The SENSE input, pin 1, is connected to a 
TTL-compatible receiver and is then routed directly to a bit position in the 
Program Status Word. The bit in the PSW always represents the value of the 

external signal. It may be sampled anytime through use of the TPSU or SPSU 

instructions. 

This input to the processor may be used in many ways. The following is a list 
of some possible uses: 

1. A serial input channel. 

2. A sense switch input. 

3. A break signal to a processing program. 

4. An input for yes/no signaling from external devices. 

Non-Extended I/O 

There are four 1-byte I/O instructions: REDO, REDD, WRTO and WRTD. They are 
all referred to as non-extended because they can communicate only 1 byte of 
data, either into or out of the 2650/2650A. 

REDO and REDD cause the input transfer of 1 byte of data. They are identical 
except for the fact that the D/C signal is in the D state for REDD and in the 
C state for REDO. Similarly, the instructions WRTC and WRTD cause an output 
transfer of 1 byte of data. The D/C line discriminates between the 2 pairs of 
input/output instructions, and can be used as a 1-bit device address in simple 
systems. 

The 10 and NE signals inform the devices outside the 2650/2650A that a 1-byte 
I/O instruction is being executed. The D/C line indicates which pair of the 
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1-byte I/O instructions are being executed; D implies either WRTD or REDD, and 
C implies either WRTC or REDC. Finally, the R/W signal level specifies 
whether a read or a write is being performed. 

Extended I/O 

There are two 2-byte I/O instructions: REDE and WRTE. When these 
instructions are executed, the second byte of the instruction is output on the 
low order address lines ADR0-ADR7. REDE causes the byte of data then on the 
data bus to be strobed into the register specified in the instruction to be 
output on the data bus. 

The 2-byte I/O instructions are similar to the 1-byte I/O instructions except 
the D/C line is not considered, and the data from the second byte of the I/O 
instruction appears on the address bus during the time that OPREQ is valid. 
The data on the address bus is intended to convey a device address, but may be 
utilized for any purpose. 

Memory I/O 

The 2650/2650A user may choose to transfer data into or out of the processor 
using the memory control signals. The advantage of using this technique is 
that the data can be read or written by the program with memory reference 
instructions, and data may be directly operated upon with the arithmetic and 
logical instructions. The memory reference instructions can use the various 
addressing modes provided by the 2650/2650A, such as indexing and indirect 
addressing. 

To make use of this technique, the designer must assign memory addresses to 
I/O devices and design the device interfaces to respond to the same signals as 
memory. 

A possible disadvantage of this method is that it may be necessary to decode 
more address lines to determine the device address than with other I/O 
facilities. 

Table 9.3 summarizes the I/O signal states for the various types of I/O 
facilities, and Figure 9.9 illustrates the types of I/O available with the 
2650/2650A. 


TYPE OF I/O OPERATION 

OPREQ 

M/IO 

R/W 

ADR0-ADR7 

ADR13 (E/NE) 

ADR14 (D/C) 

Sense input 

X 

X 

X 

X 

X 

X 

Flag output 

X 

X 

X 

X 

X 

X 

Extended read 

H 

L 

L 

Second byte 

H 

X 

Extended write 

H 

L 

H 

of instruction 


X 

Non-extended read C 

H 

L 

L 

X 

L 

L 

Non-extended read D 

H 

L 

L 

X 

L 

H 

Non-extended write C 

H 

L 

H 

X 

L 

L 

Non-extended write D 

H 

L 

H 

X 

L 

H 

Memory I/O read 

H 

H 

L 

ADR0-ADR7 

ADR13 

ADR14 

Memory I/O write 

H 

H 

H 

ADR0-ADR7 

ADR13 

ADR14 


X = Don’t care 


Table 9.3 I/O INTERFACE SIGNAL STATE 
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2650/2650A I/O FACILITIES—GENERAL BLOCK DIAGRAM 


SINGLE BIT 
I/O 
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Interrupt Mechanism 

The 2650/2650A has been implemented with a single level, address vectoring 
interrupt mechanism. There is 1 interrupt input pin. When an external device 
generates an Interrupt signal (INTREQ), the processor is forced to transfer 
control to any of 128 possible memory locations as determined by an 8~bit 
vector supplied by the interrupting device on the data bus. The device may 
also return an Indirect Address signal which causes the processor to enter an 
indirect addressing sequence. This enables a device to direct the processor 
to execute code an 3 rwhere within addressable memory. 

Upon recongnizing the Interrupt signal, the processor automatically sets the 
Interrupt Inhibit bit in the Program Status Word. This inhibits further 
interrupts from being recognized until the interrupt routine is finished 
executing and a Return-and-Enable instruction is executed or the Inhibit bit 
is explicitly cleared. 

When the Inhibit bit in the PSW is set (ll=l), the processor will not 
recognize an interrupt input. The Interrupt Inhibit bit may be set under 
program control (LPSU, PPSU) and is automatically set whenever the processor 
accepts an interrupt. The Inhibit bit may be cleared in 3 ways: 

1. By a Reset operation. 

2. By execution of an appropriate Clear or Load PSU instruction (CPSU, LPSU). 

3. By execution of a Return-and-Enable instruction. 

The sequence of events for an Interrupt operation is as follows: 


1. An executing program enables interrupts. 

2. The external device initiates an Interrupt with the INTREQ line. 

3. The processor finishes executing the current instruction. 

4. The processor sets the Inhibit bit in the PSW. 

5. The processor inserts the first byte of a ZBSR (Zero Branch-to 
Subroutine, Relative) instruction. 

6. The processor accesses the data bus to fetch the second byte of the ZBSR 
instruction. 

7. The interrupting device responds to the processor-generated INTACK 
(Interrupt Acknowledge) by supplying the requested second byte. 

8. The processor executes the Zero Branch-to-Subroutine instruction, saving 
the address of the next sequential instruction in the RAS, and proceeds 
to execute the instruction at the address relative to page 0, byte 0 
given by the * interrupting device. 

9. When the Interrupt routine is complete, a Return instruction (RETC, RETE) 
pulls the address from the RAS and execution of the interrupted program 
resumes. If the instruction is an RETE, interrupts are again enabled. 
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since the interrupting device specifies the interrupt subroutine address in 
the standard relative address format, it has considerable flexibility with 
regard to the interrupt procedure. It can point to any location that is 
within +63 or -64 bytes of page 0, byte 0 of memory. (Negative relative 
addresses wrap around the memory, modulo 8,192jq bytes.) The interrupting 
device also may specify whether the subroutine address is direct or indirect 
by providing a zero or one to DBUS7 (pin 26). 

The vectored interrupt technique requires that each interrupting device 
contain the hardware required to provide the address vector to the processor. 
In some cases, an overall reduction in system hardware may be realized by 
implementing a "polled” interrupt scheme. In this case, the INTACK generated 
as a response to any interrupt is used to force an address byte on the data 
bus. The program at this address sequentially polls all devices to determine 
the interrupting device, and then branches to a program to service that 
device. The disadvantages of this technique are increased coding requirements 
and slower response to the interrupt. 

The timing diagram in Figure 9.10 illustrates how the interrupt system works 
in the processor. The execution of the instruction labeled "A” has been 
proceeding before the start of this diagram. The last cycle of instruction A 
is shown. Notice that, as in all external operations, the OPREQ output 
eventually causes an OPACK input, which, in turn, allows OPREQ to be turned 
off. The arrows show this sequence of events. The last cycle of instruction 
A fetches the first byte of instruction B from memory and inserts it into the 
Instruction Register. 



Figure 9.10 

Assume that instruction B is a 2 cycle, 2-byte instruction such as ADD. Since 
the first byte has already been fetched by instruction A, the first cycle of 
instruction B is used to fetch the second byte of instruction B. Had the 
interrupt not occurred during instruction B, it would have fetched the first 
byte of the next sequential instruction during its second (last) cycle. 




Since an Interrupt occurred, however, the processor uses the last cycle of B 
to jam the Interrupt instruction (ZBSR) execution into the instruction 

register. Notice that the INTREQ input can arrive at any time prior to the 
last (second) cycle of execution of instruction B and that execution of 
instruction B is completed. 

Instead of being the next sequential instruction following B, instruction C is 
the execution of the Interrupt. The first cycle of C is used to fetch the 
second byte of the ZBSR instruction from the DBUS as provided by the 

interrupting device. This request is indicated by the presence of the INTACK 
control signal. The INTREQ may then be removed. When the device responds 

with the requested byte, it uses a standard Operation Acknowledge procedure 
(OPACK) to so indicate to the processor. During the second cycle of 
instruction C the processor executes the ZBSR instruction, and fetches the 
first byte of instruction D which is the first instruction of the interrupt 
subroutine. 

Subroutine Linkage 

The on-chip stack, along with the Branch-to Subroutine and Return 

instructions, provide the facility to transfer control to a subroutine. The 
subroutine can return control to the program that branched to it via a Return 
instruction. 

The stack is eight levels deep and operates on a last-in, first-out basis. 
This means that a routine may branch to a subroutine, which may branch to 
another subroutine, which may branch to another subroutine, etc., eight times 
before any Return instructions are executed. 

When designing a system that utilizes interrupts, it should be remembered that 
the processor jams a ZBSR into the IR and then executes it. This will cause 
an entry to be pushed into the on-chip stack like any other Branch-to- 
Subroutine instruction and may limit the stack depth available in certain 
programs. 

When branching to a subroutine, the following sequence of events occur: 

1. The address in the lAR is used to fetch the Branch-to-Subroutine 

instruction and is then incremented in the Address Adder so that it 
points to the instruction following the subroutine branch. 

2. The Stack Pointer is incremented by ones so that it points to the next 

Return Address Stack location. 

3. The contents of the lAR are stored in the stack at the location 

designated by the Stack Pointer. 

4. The operand address contained in the Branch-to-Subroutine instruction 

(the address of the first instruction of the subroutine) is inserted into 
the lAR. 

When returning from a subroutine, this sequence of events occurs: 

1. The address in the lAR is used to fetch the return (RETC, RETE) 

instruction from memory. 
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2 . 


When the Return instruction is recognized by the processor, the contents 
of the stack entry pointed to by the Stack Pointer is placed into the lAR. 

3. The Stack Pointer is decremented by one. 

4. Instruction execution continues at the address now in the lAR. 

Condition Code Usage 

The 2-bit register called the Condition Code is incorporated in the Program 
Status Word. It may be seen in the description of the 2650/2650A instructions 
that the Condition Code (CC) is specifically set by every instruction that 
causes data to be transferred into a general-purpose register and by Compare 
and Test instructions. 

The reason for this design feature is that after an instruction executes, the 
CC contains a modest amount of information about the byte of data which has 
just been manipulated. Thus, when a program loads a register with a byte of 
unknown data, the Condition Code setting indicates whether the byte is 
positive, negative or zero. A negative indication, for example, implies that 
bit 7 is set to one. 

Consequently, a data manipulation operation, when followed by a conditional 
branch, is often sufficient to determine desired information without resorting 
to a specific test, thus saving instructions and memory space. 

Start-up Procedure 

The 2650/2650A must be started in an orderly fashion to assure that the 

internal control logic begins in a known state. 

Assuming power is applied to the chip and the clock input is running, the 
easiest way to start is to apply a Reset signal for at least three clock 
periods. When the Reset signal is removed, the processor will fetch the 
instruction at page 0, byte 0 and commence instruction execution. 

To start processing at a different address, a more complex start-up procedure 
may be employed. If an Interrupt signal is applied initially along with the 
Reset, processing will commence at the address provided by the interrupting 

device. Recall that the address provided may include a bit to specify 
indirect addressing, and therefore the first instruction executed may be 
anywhere within addressable memory. The Reset and Interrupt signal may be 
applied simultaneously and when the Reset is removed, the processor will 
execute the usual interrupt signal sequence as described in "Interrupt 

Mechanism." 

Instructions 

Addressing Modes 

An addressing mode is a method the processor uses for developing argument 

addresses for machine instructions. 
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The 2650/2650A processor can develop addresses in eight ways: 

• Register addressing 

• Immediate addressing 

• Relative addressing 

• Relative, indirect addressing 

• Absolute addressing 

• Absolute, indirect addressing 

• Absolute, indexed addressing 

• Absolute, indirect, indexed addressing 

However, of these eight addressing modes, only four are basic. The others are 
variations due to indexing and indirect addressing. The basic addressing mode 
of each instruction is indicated in the first line of each detailed 
instruction description. The following text describes how effective addresses 
are developed by the processor. 

Register Addressing 

All register-to-register instructions are one byte in length. Instructions 
utilizing this addressing mode appear in this general format: 

Operation Code Register 






\/ 


□ 

u 

u 

u 

□ 

□ 

□ 

7 

6 

5 

4 

3 

2 

1 


Byte 0 

Since there are only two bits designated to specify a register, register zero 
always contains one of the operands while the other operand is in one of the 
three registers in the currently selected bank. Register zero may also be 
specified as the explicit operand giving instructions such as: LODZ RO. 

In 1-byte register addressing instructions which have just one operand, any of 
the currently selected general-purpose registers or register zero may be 
specified, e.g., RRL, RO. 

Immediate Addressing 

All immediate addressing instructions are two bytes in length. Usually, the 
first byte contains the operation code and register designation, while the 
second byte contains data used as the argument during instruction execution. 
In some cases, the entire eight bits of the first byte are used for the 
operation code. 

binary number 

Operation Code Register g-bit logic mask 


/ 




\/ 

\ 









□ 

□ 

□ 

□ 



□ 


□ 

u 

u 

u 

u 

u 

u 

□ 


6 

5 

4 

3 

2 

1 

7 

6 

5 

4 

3 

2 

1 

0 


Byte 0 Byte 1 

The second byte, the data byte, may contain a binary number or a logic mask 
depending on the particular instruction being executed. Any register may be 
designated in the first byte. 
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Relative Addressing 


Relative addressing instructions are all two bytes in length and may be of the 
branch or non-branch type. The format of relative addressing instructions is: 


Register or 
Condition 

Operation Code Code 







\ 

□ 

u 

u 

u 

□ 

□ 

□ 

7 

6 

5 

4 

3 

2 

1 


Byte 0 


I Relative Displacement 

/V - ^^ -V 


7 6 5 4 3 2 1 0 
Byte 1 


For branch type instructions, the first byte contains the operation code and 
the condition code value for which the branch will take place. For non-branch 
instructions, one argument is a register and the second argument is the 
contents of a memory location, and the first byte contains the operation code 
and register designation. 


For either type, the second byte contains the relative address. Bits 0-6, 
byte 1, contain a 7-bit two*s complement binary number which can range from 
-64 to +63. This number is used by the processor to calculate the effective 
address. The effective address is calculated by adding the address of the 
first byte following the Relative Addressing instruction to the relative 
displacement in the second byte of the instruction. 


If bit 7, byte 1 is set to 1, the processor will enter an indirect addressing 
cycle, where the actual operand or branch address will be accessed from the 
effective address location. See Indirect Addressing. 

Two of the branch instructions (ZBSR, ZBRR) allow addressing relative to page 
0, byte 0 of memory. In this case, values up to +63 reference the first 62 
bytes of page 0 and values up to -64 reference the last 64 bytes of page 0. 


Absolute Addressing for Non-Branch Instructions 


Non-branch, absolute addressing instructions are all 3 bytes in length and are 
memory reference instructions. One argument of the instruction is a register, 
designated in bits 1 and 0, byte 0; the other argument is the contents of a 
memory location. The format of these instructions is: 


Index 

Register 

or 

Argument 


Operation Code Register 



r 


□ 




□ 

□ 


7 6 5 4 3 2 1 0 
Byte 0 


Index High-Order 
I Control Address 


7 6 5 4 3 2 1 0 
Byte 1 


Low-Order Address 










□ 

u 

u 

u 

u 

u 

u 

□ 

7 

6 

5 

4 

3 

2 

1 

0 


Byte 2 


Bits 4-0, byte 1 and 7-0, byte 2 contain the absolute address and can address 
any byte within the same page that contains the instruction. 

The index control bits, bits 6 and 5, byte 1, determine how the effective 
address will be calculated and possibly which register will be the argument 
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during instruction execution. The index control bits have the following 
interpretation: 


INDEX 

CONTROL 

MEANING 

Bit 6 

Bit 5 

0 

0 

Non-indexed address 

0 

1 

Indexed with auto-increment 

1 

0 

Indexed with auto-decrement 

1 

1 

Indexed only 


When the index control bits are 0 and 0, bits 1 and 0 in byte 0 contain the 
argument register designation and bits 0 to 4, byte 1 and bits 0 to 7, byte 2 
contain the effective address. Indirect addressing may be specified by 
setting bit 7, byte 1 to a one. 

When the index control bits are 1 and 1, bits 1 and 0 in byte 0 designate the 
index register and the argument register implicitly becomes register 0. The 
effective address is calculated by adding the contents of the index register 
(interpreted as an 8-bit positive integer) to the address field. If indirect 
addressing is specified, the indirect address is accessed and then the value 
in the index register is added to the indirect address. This is commonly 
called post indexing. 

When the index control bits contain 0 and 1, the address is calculated by the 
processor exactly as when the control bits contain 1 and 1 except a binary 1 
is added to the contents of the selected index register before the calculation 
of the effective address proceeds. Similarly, when the index control bits 
contain 1 and 0, a binary 1 is subtracted from the contents of the selected 
index register before the effective address is calculated. 

Indexing across page boundaries is not allowed. This is true even if indirect 
addressing with indexing is specified. Attempts to index across the top of a 
page will result in an address at the bottom of the same page. 

Absolute Addressing for Branch Instructions 

The 3-byte, absolute addressing, branch instructions deviate slightly in 
format from non-branch absolute addressing instructions as shown below: 


Register or 
Condition 

Operation Code Code 


/ 





\ 

□ 

u 

u 

u 

□ 

□ 

□ 

7 

6 

5 

4 

3 

2 

1 


Byte 0 


I High Order Address 

A/-'- 


7 6 5 4 3 2 1 0 

Byte 1 


Low-Order Address 









□ 

u 

u 

u 

u 

□ 

□ 

□ 

7 

6 

5 

4 

3 

2 1 

0 


Byte 2 


The notable difference is that bits 6 and 5, byte 1, are no,longer interpreted 
as index control bits, but instead are interpreted as the high order bits of 
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the address field. This means that there is no indexing allowed on most 
absolute addressing branch instructions. However, indexed branches are 
possible through use of the BXA and BSXA instructions. Bits 6 and 5, byte 1, 
are used to set the current page register, thus enabling programs to directly 
transfer control to another page (see Memory Organization, BXA and BSXA 
instructions, and Indirect Addressing). 

Indirect Addressing 

Indirect addressing means that the argument address of an instruction is not 
specified by the instruction itself, but rather the argument address will be 
found in the 2 bytes pointed to by the address field, or relative address 
field, of absolute or relative addressing instructions. In both cases, the 
processor will enter the indirect addressing mode when the bit designated ”1" 
is set to 1. Entering the indirect addressing sequence adds 2 cycles (6 clock 
periods) to the execution time of an instruction. 

Indirect addresses are 15-bit addresses stored right- justified in 2 
contiguous bytes of memory. As such, an indirect address may specify any 
location in addressable memory (0-32,767). The high order bit of the 2-byte 
indirect address is not used by the processor. In the case of absolute 
addressing, with indexing specified, the value of the index register is added 
to the indirect address, not to the value in the address field of the 
instruction. 

Only single level indirect addressing is implemented. The examples below 
demonstrate indirect addressing. 

In Figure 9.11, the LODA instruction in memory locations 10, 11, and 12 
specifies indirect addressing (bit 7, byte 1, is set). Therefore, when the 
instruction is executed, the processor takes the address field value, H*51*, 
and uses it to access the 2-byte indirect address at 51 and 52. Then using 
the contents of 51 and 52 as the effective address, the data byte containing 
H*67* is loaded into register 2. 

The example In Figure 9.12 is, in a fashion, similar to the previous example; 
the relative address is used to access the indirect address which points to 
the data byte. When the LODR instruction is executed, the data byte contents, 
H*67', will be loaded into register 2. 




Example 1 


|o 0 0 0 1 1 

O 

o 

o 

ooooo||oioioooi| 

LODA,R2 H’SI’ 

ADDRESS 1016 

1116 

1216 



I 0 0 0 

ooooi||ooi 01 ooo| 

H’128' 


5116 

5216 




|0 1 1 0 0 1 1 1 I 

H’67’ 



12816 



Figure 9.11 





Example 2 


[o 0 0 0 1 

0 1 ol 1 1 0 0 

0 0 1 0 1 1 

L00A,B2 ‘H’lT’ 

ADDRESS 10i6 

1116 



[ 0 0 0 0 0 

0 0 1 110 0 1 

0 1 0 0 0 1 

H’128’ 

1716 

1816 




|0 1 1 

0 0 1 1 1 1 

H’67’ 


12816 




Figure 9.12 


Instruction Format Exceptions 

There are several instructions which are detected by decoding the entire 8 
bits of the first byte of the instruction. These instructions are unique and 
may be noticed in the instruction descriptions. Examples are HALT, CPSU and 
CPSL. 

Of this type of instruction, 2 operation codes were taken from otherwise 
complete sets, thus eliminating certain possible operations. The cases are as 
follows: 

(Not okay) 

(Okay 


(Not okay) 
(Okay) 


STRZ 0 
NOP 


Storing register zero into register zero is not 
implemented; the operation code is used for NOP 
(no operation). 


ANDZ 0 
HALT 


AND of register zero with register zero is not 
implemented; the operation code is used for HALT. 


9-32 




INSTRUCTION FORMATS 


OPERATION CODE R/C 


(Z) REGISTER ADDRESSING I 


OPERATION CODE R 


DATA MASK OR 
BINARY VALUE 



(I) IMMEDIATE ADDRESSING I 


(R) RELATIVE ADDRESSING | 


RELATIVE DISPLACEMENT 
OPERATION CODE R/C , 64 DISPLACEMENT 63 


'INDEX HIGHER ORDER 

OPERATION CODE R/X .CONTROL ADDRESS LOWER ORDER ADDRESS 


(A)ABSOLUTE ADDRESSING \ 
(NON-BRANCH INSTRUCTIONS)! 


HIGHER ORDER ADDRESS 

.OPERATION CODE R/C . PAGE LOWER ORDER ADDRESS 


(B) ABSOLUTE ADDRESSING I 
(BRANCH INSTRUCTION) I 


HIGHER ORDER ADDRESS 


(UNUSED) page 
■ *~ \ 


LOWER ORDER ADDRESS 


INDIRECT ADDRESSING i 


(E) MISCELLANEOUS INSTRUCTIONS} 



Figure 9.13 
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DETAILED PROCESSOR INSTRUCTIONS 


Introduction 

The 2650/2650A uses variable-length instructions that are 1, 2 or 3-bytes 

long. The instruction length is determined by the nature of the operation 
being performed and the addressing mode being used. Thus, the instruction can 
be expressed in 1 byte when no memory operand addressing is necessary, as with 
register-to-register or rotate instructions. On the other hand, for direct 
addressing instructions, 3 bytes are allocated. The relative and immediate 
addressing modes allow 2-byte instructions to be implemented. 

The 2650/2650A uses explicit operand addressing; that is, each instruction 
specifies the operand address. The first byte of each 2650/2650A instruction 
is divided into three fields and specifies the operation to be performed, the 
addressing mode to be used and, where appropriate, the register or condition 
code mask to be used. 

In the instsruction descriptions which follow, the mnemonic assembler format 
as well as the execution time are listed. In the mnemonics, parentheses are 
used to indicate options. The parentheses are not included when the option is 
desired. With regard to execution time, note that non-branch type 
instructions specifying indirect addressing require an additional 2 cycles (6 
clock periods) for execution. Branch type instructions specifying indirect 
addressing require an additional 2 cycles for execution only if the branch is 
taken. 

Symbols and Abbreviations Used 

a Address Value 

C Carry bit 

CC Condition Code bits 

COM Compare bit 

EA Effective Address 

F Flag bit 

I Indirect addressing bit 

lAR Instruction Address Register 

IC Index Control bits 

IDC Inter-Digit Carry bit 

II Interrupt Inhibit bit 

OVF Overflow bit 

PSL Program Status Lower byte 

PSU Program Status Upper byte 

PSW Program Status Word 

r Register (0<r<3) 

RS Register Bank Select bit 

RO Register zero 

S Sense bit 

SP Stack Pointer 

V A value 

WC With Carry bit 

X Index register value (0£x;^3) 

X Index register value with optional auto-increment (or 

auto-decrement (,-) 

(A) Contents of A 
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((A)) Contents of location addressed by A 
(a:b) Bits a through b 
: Is compared to 

^ . . Is replaced by 

Calculating Effective Addresses 

The "Effective Address* (EA) of an instruction depends on the addressing mode 
used and whether the indirect and/or indexing options are invoked. The 
following rules apply for calculating the EA. Exceptions to these rules are 
detailed in the instruction descriptions. 


EA = a 

EA = (a) 

EA = a + (x) 

EA = a + (x) + 1 

EA = a + (x) - 1 

EA = (a) + (x) 

EA = (a) + (x) + 1 
EA = (a) + (x) -1 


if I = 0, IC = 00 
if I = 1, IC = 00 
if I = 0, IC = 11 
if I = 0, IC = 01 
if I = 0, IC = 10 
if I = 1, IC = 11 
if I = 1, IC = 01 
if I = 1, IC = 10 


Absolute Addressing - Branch Instructions 


EA = a ; if I = 0 

EA = (a) ; if I = 1 


Relative Addressing 


Relative instructions (except ZBRR and ZBSR) are calculated relative to the 
current value of the Instruction Address Register (lAR). Note that when the 
calculation of EA is made, the lAR value is the first address following the 
instruction, or equivalently, the address of the first byte of the relative 
addressing instruction plus two. 


EA = (lAR) + a ; if I = 0 

EA = ((lAR) + a) ; if I = 1 


Note that ’a* is treated as a two*s complement value, so that forward or 
backward EA*s can be generated. 
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ADDA,r (*)a(,X) 


ADD ABSOLUTE 


Addressing: Absolute 
Operation Codes: 8C - 8F 
Binary Coding: 


1 0 0 0 1 1 rorX I ic a high order 

1 1 i I » L t 1 I J 

76543210 76543210 



7 6 5 4 3 2 1 0 


Execution Time: 4 cycles (12 clock periods) 

Operation: (r)-^(r) + (EA) ; if (WC) = 0 

(r)-^(r) + (EA) + (C) ; if (WC) = 1 

DESCRIPTION: This 3-byte instruction causes the contents of register r and 
the contents of the byte of memory pointed to by the effective address to be 
added together in a true binary adder. The 8-bit sum replaces the contents of 
register r. 

Indirect addressing and/or indexing may be specified. If indexing is 
specified, bits 1 and 0, byte 0, indicate the index register and the 
destination of the operation implicitly becomes register zero. 

NOTE 

Add with Carry may be performed. See With/Without Carry and Carry in 

description of Program Status Word. 

PSW Bits Affected: C, CC, IDC, OVF 


Condition Code Setting; 


REGISTER r 

CCl 

cco 

Positive 

0 

1 

Zero 

0 

0 

Negative 

1 

0 
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ADDI,r V 


ADD IMMEDIATE 


Addressing: Immediate 

Operation Codes: 84 - 87 
Binary Coding: 



0 

0 

0 

0 

1 

“T— 
r 

1_1_1 


76543210 76543210 

Execution Time: 2 cycles (6 clock periods) 

Operation: (r)-^(r) + v ; if (WC) = 0 

(r)-^(r) + V + (c) ; if (WC) = 1 

DESCRIPTION: This 2-byte instruction causes the contents of register r and 

the contents of the second byte of this instruction to be added together in a 
true binary adder. The 8-bit sum replaces the contents of register r. 

NOTE 

Add with carry may be performed. See With/Without Carry and Carry in 
description of Program Status Word. 

PSW Bits Affected: C, CC, IDC, OVF 


Condition Code Setting: 


REGISTER r 

CCl 

cco 

Positive 

0 

1 

Zero 

0 

0 

Negative 

1 

0 
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ADDR,r Ha 


ADD RELATIVE 


Addressing: Relative 
Operation Codes: 88 - 8B 
Binary Coding: 



76543210 76543210 


Execution Time: 3 cycles (9 clock periods) 

Operation: (r)-^(r) + (EA) ; if (WC) = 0 

(r)-^(r) + (EA) + (C) ; if (WC) = 1 

DESCRIPTION: This 2-byte instruction causes the contents of register r and 
the contents of the byte of memory pointed to by the effective address to be 
added together in a true binary adder. The 8-bit sum replaces the contents of 
register r. 

Indirect addressing may be specified. 

NOTE 

Add with Carry may be performed. See With/Without Carry and Carry in 
description of Program Status Word. 

PSW Bits Affected: C, CC, IDC, OVF 


Condition Code Setting: 


REGISTER r 

CCl 

cco 

Positive 

0 

1 

Zero 

0 

0 

Negative 

1 

0 
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ADDZ r 


ADO TO REGISTER ZERO 


Addressing! Register 
Operation Codes: 80-83 
Binary Code: 


1 0 0 0 0 0 r 
7 6 5 4 3 2 1 0 

Execution Time: 2 cycles (6 clock periods) 

Operation: (R0)-*“(R0) + (r) ; if (WC) = 0 

(RO) -*-(RO) + (r) + (c) ; if (WC) = 1 

Description! This 1-byte instruction causes the contents of register zero to 
be added together in a true binary adder. The 8-bit sum of the addition 
replaces the contents of register zero. The contents of register r remain 
unchanged. 

NOTE 

Add with Carry may be performed. See With/Without Carry in description of 
Program Status Word. 

PSW Bits Affected: C, CC, IDC, OVF 


Condition Code Setting: 


REGISTER r 

CCl 

cco 

Positive 

0 

1 

Zero 

0 

0 

Negative 

1 

0 
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ANDA,r r)a(,X) 


AND ABSOLUTE 


Addressing: Absolute 
Operation Codes: 4C - 4F 

Binary Code: 



76543210 76543210 76543210 


Execution Time: 4 cycles (12 clock periods) 

Operation: (r)-^(r) AND (EA) 

Description: This 3-byte instruction causes the contents of register r to be 
logically ANDed with the contents of the memory byte pointed to by the 
effective address. The result of the operation replaces the contents of 
register r. 

The AND operation treats each bit of the argument bytes as in the truth table 
below: 


BIT 

(0-7) 

BIT 

(0-7) 

AND 

RESULT 

0 

0 

0 

0 

1 

0 

1 

1 

1 

1 

0 

0 


Indirect addressing and/or indexing may be specified. If indexing is 
specified, bits 1 and 0, byte 0, indicate the index register and the 
destination of the operation implicitly becomes register zero. 

PSW Bits Affected: CC 


Condition Code Setting: 


REGISTER N 

CCl 

cco 

Positive 

0 

1 

Zero 

0 

0 

Negative 

1 

0 
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ANDI,r V 


AND tMMEDIATE 


Addressing: Immediate 
Operation Codes: 44 - 47 
Binary Code: 

76543210 76543210 

Execution Time: 2 cycles (6 clock periods) 

Operation: (r)-^—“(r) AND v 

Description: This two-byte instruction causes the contents of the specified 
register r to be logically ANDed with the contents of the second byte of this 
instruction. The result of this operation replaces the contents of register r. 

The AND operation treats each bit of the argument bytes as in the truth table 
below: 


0 

1 

0 

0 

I 

1 



rn—rn—rnrT 

V 

J_I_t_I_I_I_L 


BIT 

(0-7) 

BIT 

(0-7) 

AND 

RESULT 

0 

0 

0 

0 

1 

0 

1 

1 

1 

1 

0 

0 


PSW Bits Affected: CC 
Condition Code Setting: 


REGISTER r 

CCl 

cco 

Positive 

0 

1 

Zero 

0 

0 

Negative 

1 

0 
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ANDR,r (*)a 


AND RELATIVE 


Addressing: Relative 
Operation Codes: 48 - 4B 
Binary Code: 


76543210 76543210 

Execution Time: 3 cycles (9 clock periods) 

Operation: (r)-^(r) AND (EA) 

Description: This two-byte instruction causes the contents of the specified 
register r to be logically ANDed with the contents of the memory byte pointed 
to by the effective address. The result of this operation replaces the 
contents of register r. 

The AND operation treats each bit of the argument bytes as in the truth table 
below: 


0 

1 

0 

0 

I 

0 

3 


I I I I r"" T"nr 
i a 

» i_I_I-1-L 


BIT 

(0-7) 

BIT 

(0-7) 

AND 

Result 

0 

0 

0 

0 

1 

0 

1 

1 

1 

1 

0 

0 


PSW Bits Affected: CC 
Condition Code Setting: 


REGISTER r 

CCl 

cco 

Positive 

0 

1 

Zero 

0 

0 

Negative 

1 

0 
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ANDZ r 


AND TO REGISTER ZERO 


Addressing: Register 
Operation Codes: 41 -43 
Binary Code: 


0 

I 

0 

0 

0 

0 

—1—1 
r ! 

1_1_1 


7 6 5 4 3 2 1 0 


Execution Time: 2 cycles (6 clock periods) 

Operation: (R0)‘^(R0) AND (r) ; r = RO 

Description: This 1-byte instruction causes the contents of the specified 
register, r, to be logically ANDed with the contents of register zero. The 
result of the operation replaces the contents of register zero. The contents 
of register r remain unchanged. 

The AND operation treats each bit of the argument bytes as in the truth table 
below: 


BIT 

BIT 

AND 

(0-7) 

(0-7) 

RESULT 

0 

0 

0 

0 

1 

0 

1 

1 

1 

1 

0 

0 


NOTE 

Register r may not be specified as zero. The operation code *01000000* is 
reserved for HALT. 

PSW Bits Affected: CC 

Condition Code Setting: 


REGISTER ZERO 

CCl 

cco 

Positive 

0 

1 

Zero 

0 

0 

Negative 

1 

0 
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BCFA,v (*)a 


BRANCH ON CONDITION FALSE, ABSOLUTE 


Addressing: Absolute 
Operation Codes: 9C - 9E 
Binary Code: 


76543210 76543210 76543210 


0 

—1— \ —1—1—1— 
a high order 

_1_1_L.«l_1_1_ 


1 1 r"rn rn— 

a low order 

_1_1_i—j_1_1_1_ 


B 

0 

0 

B 

0 

1 



Execution Time: 3 cycles (9 clock periods) 

Operation: (lAR)-^EA ; if v=(CC), v=3 

Description: This 2-byte instruction causes the processor to fetch the next 
instruction to be executed from the memory location pointed to by the 
effective address only if the 2-bit v field does not match the 2-bit Condition 
Code field (CC) in the Program Status Word, If there is no match, the 
contents of the Instruction Address Register are replaced by the effective 
address. 

If the V field and CC field match, the next instruction is fetched from the 
location following the third byte of this instruction. 

Indirect addressing may be specified. 

The V field may not be set to 3 as this bit combination is used for the BXA 
operation code. 

PSW Bits Affected: None 

Condition Code Setting: N/A 
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BRANCH ON CONDITION FALSE, RELATIVE 


BCFR,v(*)a 


Addressing: Relative 
Operation Codes: 98 - 9A 
Binary Code: 


76543210 76543210 


0 

0 

0 

0 

1 

0 

3 


_—,—,—,—,—I— j. 

I a 

_I 1, . 1—1_ L-JL 


Execution Time: 3 cycles (9 clock periods) 

Operation: (lAR)-^-EA J if v = (CC), v = 3 

Description: This 2-byte branch instruction causes the processor to fetch the 
next instruction to be executed from the memory location pointed to by the 
effective address only if the 2-bit v field does not match the 2-bit Condition 
Code field (CC) in the Program Status Word. If there is no match, the 
contents of the Instruction Address Register are replaced by the effective 
address 

If the V field and CC field match, the next instruction is fetched from the 
location following the second byte of this instruction. 

Indirect addressing may be specified. 

The V field may not be set to 3 as this bit combination is used for the ZBRR 
operation code. 

PSW Bits Affected: None 

Condition Code Setting: N/A 
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BCTA,v (*)a 


BRANCH ON CONDITION TRUE, ABSOLUTE 


Addressing; Absolute 
Operation Codes: 1C - IF 
Binary Code; 


0 

I 

0 

1 

0 

0 

3 


7 6 5 4 3 2 1 0 


0 

1 1 1 1 i 1 

a high order 

_1_1_1_1_1_1_ 


— 1 — 1 —rn— 1 — \ —I— 

a low order 

11 1 1 1 1 1 

7 

6 5 4 3 2 1 0 

7 6 5 4 3 2 1 0 


Execution Time; 3 cycles (9 clock periods) 

Operation; (lAR)-^EA ; if v = (CC), v = 3 

(lAR) -^EA ; if V = 3 

Description; This 3-byte conditional branch instruction causes the processor 
to fetch the next instruction to be executed from the memory location pointed 
to by the effective address only if the 2-bit v field matches the 2-bit 
Condition Code field (CC) in the Program Status Word, If the v field is set to 
3, an unconditional branch is effected. 

If the V field and CC field do not match, the next instruction is fetched from 
the location following the third byte of this instruction. Indirect 
addressing may be specified. 

PSW Bits Affected; None 

Condition Code Setting; N/A 
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BCTR,v (*)a 


BRANCH ON CONDITION TRUE, RELATIVE 


Addressing: Relative 
Operation Codes: 18 - IB 
Binary Code: 


76543210 76543210 


—r~rn—rr 

I a 

I ■_I_1_I_I_L 



0 

0 

1 

1 

0 

3 


Execution Time: 3 cycles (9 clock periods) 

Operation: (lAR)-*-EA ; if v = (CC), v = 3 

(lAR)-^EA ; if V = 3 

Description: This 2-byte conditional branch instruction causes the processor 
to fetch the next instruction to be executed from the memory location pointed 
to by the effective address only if the 2-bit v field matches the current 
Condition Code field (CC) in the Program Status Word. If the v field is set 
to 3, an unconditional branch is effected. 

If the V field and CC field do not match, the next instruction is fetched from 
the location following the second byte of this instruction. 

Indirect addressing may be specified. 

PSW Bits Affected: None 

Condition Code Setting: N/A 
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BDRA,r Ha 


BRANCH ON DECREMENTING REGISTER, ABSOLUTE 


Addressing: Absolute 
Operation Codes: FC - FF 
Binary Code: 


76543210 76543210 


Execution Time: 3 cycles (9 clock periods) 

Operation: (r)*^(r) - 1, then 

(lAR)-^EA ; if (r) = 0 

Description: This 3-byte instruction causes the processor to decrement the 

contents of the specified register by one. If the new value in the register 
is non-zero, the next instruction to be executed is taken from the memory 
location pointed to by the effective address; i.e., the effective address 
replaces the previous contents of the Instruction Address Register. If the new 
value in register r is zero, the next instruction to be executed follows the 
third byte of this instruction. 

Indirect addressing may be specified. 

PSW Bits Affected: None 

Condition Code Setting: N/A 


"T—I—I—I—r 
low order 


7 6 5 4 3 2 1 0 


0 

1 

1 

0 

1 

1 

00 


—,—,—,—,—,—P 

a high order 

—I-1-l_l-1-L. 
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BDRR,r {*)a 


BRANCH ON DECREMENTING REGISTER, RELATIVE 


Addressing: Relative 
Operation Codes: F8 - FB 
Binary Code: 


76543210 76543210 


Execution Time: 3 cycles (9 clock periods) 

Operation: (r)-^-(r) - 1, then 

(lAR)-i-EA ; if (r) = 0 

Description: This 2-byte branch instruction causes the processor to decrement 
the contents of the specified register by one. If the new value in the 
register is non-zero, the next instruction to be executed is taken from the 
memory location pointed to by the effective address; i.e., the effective 
address replaces the previous contents of the Instruction Address Register. 
If the new value in register r is zero, the next instruction to be executed 
follows the second byte of this instruction. 

Indirect addressing may be specified. 

PSW Bits Affected: None 

Condition Code Setting: N/A 


B 

0 

0 

0 

0 

0 

1 r 1 


- 1 — \ —I—I—I—r 

I a 

.J_I_I_I_I 1 i 
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BIRA,r {*)a 


BRANCH ON INCREMENTING REGISTER, ABSOLUTE 


Addressing: Absolute 
Operation Codes: DC - DF 
Binary Code: 


7 6 5 4 3 2 1 0 


——I—I—T—I—I —r- 
I a high order 

» » d I_L U, 

7 6 5 4 3 2 1 0 


— i —I—I—r—T— \ —r" 
a low order 

« « j *_i__j_i_ 

7 6 5 4 3 2 1 0 


Execution Time: 3 cycles (9 clock periods) 

Operation: (r)*^(r) + 1, then 

(lAR)-^EA ; if (r) = 0 

Description: This 3-byte branch instruction causes the processor to increment 

the contents of the specified register by one. If the new value in the 
register is non-zero, the next instruction to be executed is taken from the 
memory location pointed to by the effective address, i.e., the effective 
address replaces the previous contents of the Instruction Address Register. 
If the new value of register r is zero, the next instruction to b^e executed 
follows the third byte of this instruction. 

Indirect addressing may be specified. 

PSW Bits Affected: None 

Condition Code Setting: N/A 
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BIRR,r Ha 


BRANCH ON INCREMENTING REGISTER, RELATIVE 


Addressing: Relative 
Operation Codes: D8 - DB 
Binary Code: 


76543210 76543210 


1 

1 

0 

1 

E 

0 

3 



Execution Time: 3 cycles (9 clock periods) 

Operation: (r)-^(r) +1, then 

(lAR)-i-EA ; if (r) = 0 

Description: This 2~byte branch instruction causes the processor to increment 

the contents of the specified register by one. If the new value in the 
register is non-zero, the next instruction to be executed is taken from the 
memory location pointed to by the effective address; i.e., the effective 
address replaces the previous contents of the Instruction Address Register. 
If the new value in register r is zero, the next instruction to be executed 
follows the second byte of this instruction. 

Indirect addressing may be specified. 

PSW Bits Affected: None 

Condition Code Setting: N/A 
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BRNA,r {*)a 


BRANCH ON REGISTER NON-ZERO, ABSOLUTE 


Addressing: Absolute 

Operation Codes: 5C - 5F 
Binary Coding: 


76543210 76543210 76543210 

Execution Time: 3 cycles (9 clock periods) 

Operation: (lAR)-^EA ; if (r) = 0 

DESCRIPTION: This 3-"byte branch instruction causes the contents of the 

specified register r to be tested for a non-zero value. If the register 
contains a non-zero value, the next instruction to be executed is taken from 
the location pointed to by the effective address; i.e., the effective address 
replaces the contents of the Instruction Address Register. 

If the specified register contains a zero value, the next instruction is 
fetched from the location following the third byte of this instruction. 

Indirect addressing may be specified. 

PSW Bits Affected: None 

Condition Code Setting: N/A 


T— { —I—I— \ —I—r 
a low order 

J.-,1. i .it 


0 

0 

0 

1 

0 

0 

m 


n—I—I—I—r—r 
a high order 

-J_I_I_L--L...JU 
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BRNR,r Ha 


BRANCH ON REGISTER NON-ZERO, RELATIVE 


Addressing: Relative 
Operation Codes: 58 - 5B 
Binary Code: 


76543210 76543210 


—I—,—,—,—,—,—P 

I a 

_I_I_I_I_l_L 


0 

0 

0 

0 

0 

0 



Execution Time: 3 cycles (9 clock periods) 

Operation: (lAR)-^EA ; if (r) = 0 

Description: This 2-byte branch instruction causes the contents of the 

specified register r to be tested for a non-zero value. If the register 
contains a non-zero value, the next instruction to be executed is taken from 
the location pointed to by the effective address; i.e., the effective address 
replaces the current contents of the Instruction Address Register. 

If the specified register contains a zero value, the next instruction is 
fetched from the location following the second byte of this instruction. 

Indirect addressing may be specified. 

PSW Bits Affected: None 

Condition Code Setting: N/A 
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BSFA,v (*)a 


BRANCH TO SUBROUTINE ON CONDITION FALSE, ABSOLUTE 


Addressing: Absolute 
Operation Codes: BC - BE 
Binary Code: 


—I—I—r- 7 T—I—I—r 
1 a high order 

» I J I I L 

76543210 76543210 76543210 


Execution Time: 3 cycles (9 clock periods) 

Operation: (SP)-^(SP) + 1 | 

((SP))-#-(IAR) \ if V = (CC),v = 3 

(lAR)-<-EA 

Description: This 3--byte conditional subroutine branch instruction causes the 
processor to perform a subroutine branch only if the 2-bit v field does not 
match the current Condition Code (CC) in the Program Status Word. If the 
fields do not match, the Stack Pointer is incremented by one and the current 
content of the Instruction Address Register, which points to the location 
following this instruction, is pushed into the Return Address Stack. The 
effective address replaces the previous contents of the lAR. 

If the V field and the CC match, the next instruction is fetched from the 
location following this instruction and the SP is unaffected. The v field may 
not be coded as 3 since this combination is used for the BSXA operation code. 

Indirect addressing may be specified. 

PSW Bits Affected: SP 

Condition Code Setting: N/A 



0 

1 

3 

0 

0 



T—I—I—I—I—I—r 
a low order 

J_I_I_l_i_I_L 
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BSFR,v (*)a 


BRANCH TO SUBROUTINE ON CONDITION FALSE, RELATIVE 


Addressing: Relative 
Operation Codes: B8 - BA 
Binary Code: 


0 

0 

1 

0 

0 

0 

I V 

I_ 1 _1 


7 6 5 4 3 2 1 0 


I a 


7 6 5 4 3 2 1 0 


Execution Time: 3 cycles (9 clock periods) 

\ 


Operation: (SP)-^(SP) + 1 

((SP)) ^(lAR) 
(IAR)-#-EA 


if V = (CC), 


V = 3 


Description: This 2~byte conditional subroutine branch instruction causes the 
processor to perform a subroutine branch only if the 2-bit v field does not 
match the current Condition Code field (CC) in the Program Status Word. If 
the fields do not match, the Stack Pointer is incremented by one and the 
current content of the Instruction Address Register, which points to the 
location following this instruction, is pushed into the Return Address Stack. 
The effective address replaces the previous contents of the lAR. 


If the V field and the CC match, the next instruction is fetched from the 
location following this instruction and the SP is unaffected. The v field may 
not be coded as 3 because this combination is used for the ZBSR operation code. 


Indirect addressing may be specified. 
PSW Bits Affected: SP 
Condition Code Setting: N/A 
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BSNA,r {*)a 


BRANCH TO SUBROUTINE ON NON-ZERO REGISTER, ABSOLUTE 


Addressing: Absolute 
Operation Codes: 7C -- 7F 
Binary Code: 


7654^210 76543210 76543210 


0 

0 

0 

0 

0 

0 

m 


-1—I—I—I—I—r 

a high order 

-J_I_I_I_I-L- 


T—I—!—I—\—\—r 
a low order 

j_I_I-1-1-1-L 


Execution Time: 3 cycles (9 clock periods) 


Operation: (SP)^^(SP) + 1 

((SP))-i-(IAR) 
(lAR)-.-EA 


if (r) = 0 


Description: This 3-byte subroutine branch instruction causes the contents of 
the specified register r to be tested for a non-zero value. If the register 
contains a non-zero value, the next instruction to be executed is taken from 
the location pointed to by the effective address. Before replacing the 
current contents of the Instruction Address Register (lAR) with the effective 
address, the Stack Pointer (SP) is incremented by one and the address of the 
byte following the instruction is pushed into the Return Address Stack (RAS). 


If the specified register contains a zero value, the next instruction is 
fetched from the location following the third byte of this instruction and the 
SP is unaffected. 


Indirect addressing may be specified. 
PSW Bits Affected: SP 
Condition Code Setting: N/A 
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BSNR,r (*)a 


BRANCH TO SUBROUTINE ON NON-ZERO REGISTER, RELATIVE 


Addressing: Relative 
Operation Codes: 78 - 7B 
Binary Code: 


a 

—J_I_L- 

76543210 76543210 


Execution Time: 3 cycles (9 clock periods) 

Operation: (SP)-^(SP) + 1 | 

((SP))-<-(lAR) \ if (r) = 0 

(IAR)-*-EA j 

Description: This 2-byte subroutine branch instruction causes the contents of 
the specified register r to be tested for a non-zero value. If the register 
contains a non-zero value, the next instruction to be executed is taken from 
the location pointed to by the effective address. Before replacing the 
contents of the Instruction Register with the effective address, the Stack 
Pointer (SP) is incremented by one and the address of the byte following the 
instruction is pushed into the Return Address Stack (RAS). 

If the specified register contains a zero value, the next instruction is 
fetched from the location following the second byte of this instruction and 
the SP is unaffected. 

Indirect addressing may be specified. 

PSW Bits Affected: SP 

Condition Code Setting: N/A 


oil 1 10 
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BSTA,v (*)a 


BRANCH TO SUBROUTINE ON CONDITION TRUE, ABSOLUTE 


Addressing: Absolute 
Operation Codes: 3C - 3F 
Binary Code: 

. _—I I- I- -I I— r—T—rr"r"TT i r v i i—i—rn — rn 

0 0 1111 V 1 a high order a low order 

« 1 » I t I 1 I L-J I L -,J I I I I l_J l-_4 I 

76543210 76543210 76543210 

Execution Time: 3 cycles (9 clock periods) 

Operation: (SP) *^(SP) + 1 

((SP))-^(lAR) > if V = (CC) or 

(-IAR)-*-EA if V = 3 

Description: This 3-byte conditional subroutine branch instruction causes the 
processor to perform a subroutine branch only if the 2-bit v field matches the 
current Condition Code Field (CC) in the Program Status Word. If the fields 
match, the Stack Pointer is incremented by one and the current contents of the 
Instruction Address Register, which points to the byte following this 
instruction, is pushed into the Return Address Stack. The effective address 
replaces the previous contents of the lAR. 

If the V field and the CC field do not match, the next instruction is fetched 
from the location following the third byte of this instruction and the Stack 
Pointer is unaffected. If v is set to 3, the BSTA instruction branches 
unconditionally. 

Indirect addressing may be specified. 

PSW Bits Affected: SP 
Condition Code Setting: N/A 
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BSTR,v (*)a 


BRANCH TO SUBROUTINE ON CONDITION TRUE, RELATIVE 



Execution Time: 3 cycles (9 clock periods) 

Operation: (SP)"^(SP) + 1 

((SP))(lAR) ^ if V = (CC) or 

(lAR)-^EA if V = 3 

Description: This 2-byte conditional subroutine branch instruction causes the 
processor to perform a subroutine branch only if the 2-bit v field matches the 
current Condition Code field (CC) in the Program Status Word. If the fields 
match, the Stack Pointer is incremented by one and the current contents of the 
Instruction Address Register, which points to the byte following this 
instruction, is pushed into the Return Address Stack. The effective address 
replaces the previous contents of the lAR. 

If the V field and CC field do not match, the next instruction is fetched from 
the location following the second byte of the instruction and the SP is 
unaffected. If v is set to 3, the BSTR instruction branches unconditionally. 

Indirect addressing may be specified. 

PSW Bits Affected: SP 

Condition Code Setting: N/A 
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BSXA (*)a,x 


BRANCH TO SUBROUTINE, INDEXED, ABSOLUTE, UNCONDITIONAL 


Addressing: Absolute 
Operation Code: BF 
Binary Code: 


0 

0 

0 

1 

1 

1 

1 

0 


7 6 5 4 3 2 1 0 


0 

— 1 — 1 — I — 1 — r—1 — 

a high order 
11 1 1 11 

7 

6 5 4 3 2 1 0 


-1 1 1 1 1 1 T" 

a low order 
7 6 5 4 3 2 1 0 


Execution Time: 3 cycles (9 clock periods) 

Operation: (SP) -^(SP) + 1 

((SP)) -^(lAR) 

(lAR) -i-EA 

Description: This 3-byte instruction causes the processor to perform an 
unconditional subroutine branch. Indexing is required, and register 3 must be 
specified as the index register because the entire first byte of this 
instruction is decoded by the processor. Auto-incrementing or 

auto-decrementing of the index register cannot be specified. 

Execution of this instruction causes the Stack Pointer (SP) to be incremented 
by one, the address of the byte following this instruction is pushed into the 
Return Address Stack (RAS), and the effective address replaces the contents of 
the Instruction Address Register. 

If indirect addressing is specified, the value in the index register is added 
to the indirect address to calculate the effective address. 

PSW Bits Affected: SP 

Condition Code Setting: N/A 
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BXA (*)a,x 


BRANCH INDEXED, ABSOLUTE, UNCONDITIONAL 


Addressing: Absolute 
Operation Code: 9F 
Binary Code: 


76543210 76543210 76543210 


Execution Time: 3 cycles (9 clock periods) 

Operation: (lAR) EA 

Description: This 3-byte branch instruction causes the processor to perform 

an unconditional branch. Indexing is required, and register 3 must be 
specified as the index register because the entire first byte of this 
instruction is decoded by the processor. 

Auto-incrementing or auto-decrementing of the index register cannot be 
specified. When executed, the content of the Instruction Address Register 
(lAR) is replaced by the effective address. 

If indirect addressing is specified, the value in the index register is added 

to the indirect address to calculate the effective address. 

» 

PSW Bits Affected: None 
Condition Code Setting: N/A 


0 

0 

0 

0 

0 

0 

1 

0 


"I-1-1-1-1-T” 

a high order 

-I_I_I_I_I_L. 


T—I—I—I—I—I—r 
a low order 

j- - .1 - .1 I I I i 
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COMA,r (*)a(,X) 


COMPARE, ABSOLUTE 


Addressing: Absolute 
Operation Codes: EC - EF 
Binary Code: 


76543210 76543210 76543210 


3 

0 

0 

0 

1 

1 

_1_1 


IC 


a high order 


T—I—I—I—I—i—r 
a low order 
J—I—1—1—l_J_L 


Execution Time: 4 cycles (12 clock periods) 

Operation: (r) : (EA) 

Description: This 3-byte instruction causes the contents of register r to be 
compared to the contents of the memory byte pointed to by the effective 
address. The comparison will be performed in either the arithmetic or logical 
mode depending on the setting of the COM bit in the Program Status Word. 

When COM = 1 (logical mode), the values will be treated as 8-bit, positive 
binary numbers; when COM = 0 (arithmetic mode), the values will be treated as 
8-bit, two*s complement numbers. 

Indirect addressing and/or indexing may be specified. If indexing is 
specified, bits 1 and 0, byte 0, indicate the index register and the register 
used in the operation implicitly becomes register zero. 

PSW Bits Affected: CC 

Condition Code Setting: 

The execution of this instruction causes the Condition Code to be set as shown 
in the following table: 


RESULT 


CCl 

cco 

Register r 

greater than memory byte 

0 

1 

Register r 

equal to memory byte 

0 

0 

Register r 

less than memory byte 

1 

0 
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COMI,r V 


COMPARE, IMMEDIATE 


Addressing: Register 

Operation Codes: E4 - E7 
Binary Code: 



76543210 76543210 

Execution Time: 2 cycles (6 clock periods) 

Operation: (r) : v 

Description: This 2-byte instruction causes the contents of the specified 
register r to be compared to the contents of the second byte of this 
instruction. The comparison will be performed in either the arithmethic or 
logical mode depending on the setting of the COM bit in the Program Status 
Word. 

When COM = 1 (logical mode), the values will be treated as 8-bit positive 
binary numbers; when COM = 0, the values will be treated as 8-bit two*s 
complement numbers. 

PSW Bits Affected: CC 

Condition Code Setting: 

The execution of this instruction causes the Condition Code to be set as shown 
in the following table: 


RESULT 

CCl 

cco 

Register r greater than v 

0 

1 

Register r equal to v 

0 

0 

Register r less than v 

1 

0 
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COMR,r (*)a 


COMPARE, RELATIVE 


Addressing: Relative 

Operation Codes: E8 - EB 
Binary Code: 



76543210 76543210 


Execution Time: 3 cycles (9 clock periods) 

Operation: (r) : (EA) 

Description: This 2-byte instruction causes the contents of the specified 
register r to be compared to the contents of the memory byte pointed to by the 
effective address. The comparison will be performed in either the arithmetic 
or logical mode depending upon the setting of the COM bit in the Program 
Status Word. 

When COM = 1 (logical mode), the values will be treated as 8-bit positive 
binary numbers; when COM = 0, the values will be treated as 8-bit, two*s 
comp1ement numb er s. 

PSW Bits Affected: CC 

Condition Code Setting: 

The execution of this instruction causes the Condition Code to be set as shown 
in the following table: 


RESULT 


CCl 

cco 

Register r 

greater than memory byte 

0 

1 

Register r 

equal to memory byte 

0 

0 

Register r 

less than memory byte 

1 

0 
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COMZ r 


COMPARE TO REGISTER ZERO 


Addressing: Register 
Operation Codes: EO - E3 
Binary Code: 

———————I— 

i|i|i|o|o|o| \ 

7 6 5 4 3 2 1 0 

Execution Time: 2 cycles (6 clock periods) 

Operation: (RO) : (r) 

Description: This 1-byte instruction causes the contents of the specified 
register r to be compared to the contents of register zero. The comparison 
will be performed in either arithmetic or logical mode depending on the 
setting of the COM bit in the Program Status Word. 

When COM = 1 (logical mode), the values will be interpreted as 8-bit two*s 
complement numbers. 

PSW Bits Affected: CC 

Condition Code Setting: 

The execution of this instruction causes the Condition Code to be set as shown 
in the following table: 


RESULT 



CCl 

cco 

Register 

zero 

greater than register r 

0 

1 

Register 

zero 

equal to register r 

0 

0 

Register 

zero 

less than register r 

1 

0 
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CPSL V 


CLEAR PROGRAM STATUS LOWER, MASKED 


Addressing: Immediate 

Operation Code: 75 
Binary Code: 


T—I—I— \ —I—I—r- 

V 

j_I_I_I_« « « 

76543210 76543210 


0 

I 

I 

3 

0 

0 

0 

0 


Execution Time: 3 cycles (9 clock periods) 

Operation: (PSL)-^(PSL) AND NOT v 

Description: This 2-byte instruction causes individual bits in the Lower 
Program Status Byte to be selectively cleared. When this instruction is 
executed, each bit in the v field of the second byte of this instruction is 
tested for the presence of a one and, if a particular bit in the v field 
contains a one, the corresponding bit in the status byte is cleared to zero. 
Any bits in the status byte which are not selected are not modified. 

PSW Bits Affected: CC, IDC, RS, WC, OVF, COM, C 

Condition Code Setting: The CC bits may be cleared by execution of this 
instruction. 
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CPSU V 


CLEAR PROGRAM STATUS UPPER, MASKED 


Addressing: Immediate 

Operation Code: 74 
Binary Code: 


T—I— \ —t—I—I—r- 
V 

j_i_i_I_i_I_i-_ 

76543210 76543210 


0 

[I 

1 

1 

0 

0 

0 

0 


Execution Time: 3 cycles (9 clock periods) 

Operation: (PSU)-^(PSU) AND NOT v 

Description: This 2-byte instruction causes individual bits in the Upper 
Program Status Byte to be selectively cleared. When this instruction is 
executed, each bit in the v field of the second byte of this instruction is 
tested for the presence of a one and, if a particular bit in the v field 
contains a one, the corresponding bit in the status byte is cleared to zero. 
Any bits in the status byte which are not selected are not modified. 

PSW Bits Affected: F, II, SP 

Condition Code Setting: N/A 
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DAR, r 


DECIMAL ADJUST REGISTER 


Addressing: Register 
Operation Codes: 94 - 97 
Binary Code: 


0 

0 

0 

0 

0 

0 

m 


7 6 5 4 3 2 1 0 


Execution Time: 3 cycles (9 clock periods) 

Operation: See description and table below. 

Description: This 1-byte instruction conditionally adds a decimal ten (two*s 
complement negative six in a 4-bit binary number system) to either the high 
order 4 bits and/or the low order 4 bits of the specified register r. 

The truth tables below indicate the logical operation performed. The 
operation proceeds based on the contents of the Carry (C) and Interdigit Carry 
(IDC) bits in the Program Status Word. The C and IDC bits remain unchanged by 
execution of this instruction. 

This instruction allows BCD sign magnitude arithmetic to be performed on 
packed digits by the following procedures: 

BCD Addition 

1. Add 66^6 to augend 

2. Perform addition of addend and augend 

3. Perform DAR instruction 

BCD Subtraction 

1. Perform subtraction (2*s complement of subtrahend is added to the 
minuend) 

2. Perform DAR instruction 

Since this operation is on sign-magnitude numbers, it is necessary to 
establish the sign of the result prior to executing in order to properly 
control the definition of the subtrahend and minuend. 


CARRY 

INTERDIGIT 

CARRY 

ADDED TO 
REGISTER r 

0 

0 

^16 

0 

1 


1 

1 

o 

o 

1 

0 
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PSW Bits Affected: CC 


Condition Code Setting: The condition code is set to a value reflecting the 
contents of the register as if it were a two*s complement binary number. 


REGISTER r 

CCl 

cco, 

Positive 

0 

1 

Zero 

0 

0 

Negative 

1 

0 
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EORA,r (*)a(,X) 


EXCLUSIVE-OR ABSOLUTE 


Addressing; Absolute 
Operation Codes: 2C - 2F 
Binary Code: 


0 

3 

0 

0 

0 

0 

0 


7 6 5 4 3 2 1 0 


1 


1C 


a high order 


7 6 5 4 3 2 1 0 


—I—I—I—I—I—I—I— 

a low order 
_I I 1 I I I i_ 

7 6 5 4 3 2 1 0 


Execution Time: 4 cycles (12 clock periods) 

Operation: (r)-^(r) XOR (EA) 

Description: This 3-byte instruction causes the contents of register r to be 
Exclusive-ORed with the contents of the memory byte pointed to by the 
effective address. The result of the operation replaces the previous contents 
of register r. 

Indirect addressing and/or indexing may be specified. If indexing is 
specified, bits 1 and 0, byte 0, indicate the index register, and the 
destination of the operation implicitly becomes register zero. 

The Exclusive-OR operation treats each bit of the argument bytes as shown in 
the truth table below: 


BIT 

(0-7) 

BIT 

(0-7) 

EXCLUSIVE- 
OR RESULT 

0 

0 

0 

0 

1 

1 

1 

1 

0 

1 

0 

1 


PSW Bits Affected: CC 
Condition Code Setting: 


REGISTER r 

CCl 

cco 

Positive 

0 

1 

Zero 

0 

0 

Negative 

1 

0 
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EORI,r V 


EXCLUSiVE-OR IMMEDIATE 


Addressing: Immediate 

Operation Codes: 24 - 27 
Binary Code: 


765 4 32 1 0 76543210 


0 

0 

0 

0 

0 

1 

r 


1—1— \ —I—I—I—r 


J_L 




Execution Time: 2 cycles (6 clock periods) 
Operation: (r) -^(r) XOR v 


Description: This two-byte instruction causes the contents of the specified 
register r to be logically Exclusive-ORed with the contents of the second byte 
of this instruction. The result of this operation replaces the previous 
contents of register r. 


The Exclusive OR operation treats each bit of the argument bytes as shown in 
the truth table below: 


BIT 

(0-7) 

BIT 

(0-7) 

EXCLUSIVE 
OR RESULT 

0 

0 

0 

0 

1 

1 

1 

1 

0 

1 

0 

1 


PSW Bits Affected: CC 


Condition Code Setting: 


REGISTER r 

CCl 

GCO 

Positive 

0 

1 

Zero 

0 

0 

Negative 

1 

0 
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EORR,r (*)a 


EXCLUSIVE-OR RELATIVE 


Addressing: Relative 

Operation Codes: 28 ~ 2B 
Binary Code: 


a 

0 

0 

0 

0 

0 

r 

1 _1_ 


76543210 76543210 


Execution Time: 3 cycles (9 clock periods) 

Operation: (r)-^(r) XOR (EA) 

Description: This 2-byte instruction causes the contents of the specified 

register r to be logically Exclusive-ORed with the contents of the memory byte 
pointed to by the effective address. The result of the operation replaces the 
previous contents of register r. 

Indirect addressing may be specified. 

The Exclusive-OR operation treats each bit of the argument bytes as shown in 
the truth table below: 


BIT 

(0-7) 

BIT 

(0-7) 

AND 

Result 

0 

0 

0 

0 

1 

1 

1 

1 

0 

1 

0 

1 


PSW Bits Affected: CC 
Condition Code Setting: 


REGISTER r 

CCl 

cco 

Positive 

0 

1 

Zero 

0 

0 

Negative 

1 

0 
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EORZr 


EXCLUSiVE-OR TO REGISTER ZERO 


Addressing: Register 
Operation Codes: 20 - 23 
Binary Code: 


0 

0 

0 

0 

0 

0 

—1— 
r 


I_I__I_I_j_ 

7 6 5 4 3 2 1 0 


Execution Time: 2 cycles (6 clock periods) 

Operation: (RO)’-^(RO) XOR (r) 

Description: This 1-byte instruction causes the contents of the specified 

register r to be logically Exclusive-ORed with the contents of register zero. 
The result of this operation replaces the contents of register zero. The 
contents of register r remain unchanged. 

The Exclusive-OR operation treats each bit of the argument bytes as shown in 
the truth table below: 


BIT 

(0-7) 

BIT 

(0-7) 

EXCLUSIVE 
OR RESULT 

0 

0 

0 

0 

1 

1 

1 

1 

0 

1 

0 

1 


PSW Bits Affected: CC 
Condition Code Setting: 


REGISTER ZERO 

CCl 

cco 

Positive 

0 

1 

Zero 

0 

0 

Negative 

1 

0 
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HALT 


HALT, ENTER WAIT STATE 


Operation Code: 40 
Binary Code: 

0 1 0 0 0 0 0 0 
7 6 5 4 3 2 1 0 

Execution Time: 2 cycles (6 clock periods) 

Operation: HALT 

Description: This 1-byte instruction causes the processor to stop executing 
instructions and enter the Wait state. The RUN/WAIT line is set to the Wait 
state. 

The only way to enter the Run state after a HALT has been executed is to reset 
the 2650 or to interrupt the processor. 

PSW Bits Affected: None 

Condition Code Setting: N/A 
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IORA,r (*)a(,X) 


INCLUSIVE-OR ABSOLUTE 


Addressing: Absolute 
Operation Codes: 6C - 6F 
Binary Code: 


76543210 76543210 76543210 


I I r r F" I I 

a low order 


0 

1 


0 

1 

0 

—T" 
r 

_1_ 


1C 


n—I—\—I 
a high order 


Execution Time: 4 cycles (12 clock periods) 

Operation: (r)-^(r) OR (EA) 

Description: This 3-byte instruction uses the contents of register r to be 
logically Indusive-ORed with the contents of the memory byte pointed to by 
the effective address. The result of the operation replaces the previous 
contents of register r. 

Indirect addressing and/or indexing may be specified. If indexing is 
specified, bits 1 and 0, byte 0, indicate the index register and the 
destination of the operation implicitly becomes register zero. 

The Indusive-OR operation treats each bit of the argument bytes as in the 
truth table below. 


BIT 

(0-7) 

BIT 

(0-7) 

INCLUSIVE 
OR RESULT 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

0 

1 


PSW Bits Affected: CC 
Condition Code Setting: 


REGISTER r 

CCl 

cco 

Positive 

0 

1 

Zero 

0 

0 

Negative 

1 

0 
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IORI,r V 


INCLUSIVE-OR IMMEDIATE 


Addressing: Immediate 

Operation Codes: 24 - 27 
Binary Code: 


1—1 

— 

— 

r —1 

— 


—1— 



1 .rn 

i.r 

0 

1 

1 

0 

0 

1 

r 



V 



LJ 

LU 



_ 

1_1_1 


1_1_1 

1_ i _1—1 

L-J_1_ 


76543210 76543210 


Execution Time: 2 cycles (6 clock periods) 

Operation: (r)-^(r) or v 

Description: This 2-byte instruction causes the contents of the specified 
register r to be logically Inclusive-ORed with the contents of the second byte 
of this instruction. The result of this operation replaces the contents of 
register r. 

The Inclusive-OR operation treats each bit of the argument bytes as in the 
truth table below: 


BIT 

(0-7) 

BIT 

(0-7) 

INCLUSIVE 
OR RESULT 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

0 

1 


PSW Bits Affected: CC 
Condition Code Setting: 


REGISTER r 

CCl 

cco 

Positive 

0 

1 

Zero 

0 

0 

Negative 

1 

0 
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IORR,r (*)a 


INCLUSIVE-OR RELATIVE 


Addressing: Relative 
Operation Codes: 68 - 6B 
Binary Code: 


rr 

—1—1 "r"n 

a 

r "1 • 

LL 

_1_1_1_1— 

J_L— 


0 

1 

□ 

0 

0 

0 

1— 
r 

1_1_ 


76543210 76543210 


Execution Time: 3 cycles (9 clock periods) 

Operation: (r)-^(r) OR (EA) 

Description: This 2-byte instruction causes the contents of the specified 

register r to be logically Indusive-ORed with the contents of the memory byte 
pointed to by the effective address. The result of this operation replaces 
the previous contents of register r. 

Indirect addressing may be specified. 

The Inclusive-OR operation treats each bit of the argument bytes as in the 
truth table below: 


BIT 

(0-7) 

BIT 

(0-7) 

INCLUSIVE 
OR RESULT 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

0 

1 


PSW Bits Affected: CC 
Condition Code Setting: 


REGISTER r 

CCl 

cco 

Positive 

0 

1 

Zero 

0 

0 

Negative 

1 

0 
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lORZ r 


INCLUSIVE-OR TO REGISTER ZERO 


Addressing: Register 
Operation Codes: 60 - 63 
Binary Code: 


0 

1 

1 

0 

0 

0 

r 

_1_ 


7 6 5 4 3 2 1 0 


Execution Time: 2 cycles (6 clock periods) 

Operation: (RO) (RO) or (r) 

Description: This 1-byte instruction causes the contents of the specified 

register, r, to be logically Inclusive-ORed with the contents of register 
zero. The result of this operation replaces the contents of register zero. 
The contents of register r remain unchanged. 

The Inclusive-OR operation treats each bit of the argument bytes as in the 
truth table below: 


BIT 

(0-7) 

BIT 

(0-7) 

INCLUSIVE 
OR RESULT 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

0 

1 


PSW Bits Affected: CC 
Condition Code Setting: 


REGISTER ZERO 

CCl 

cco 

Positive 

0 

1 

Zero 

0 

0 

Negative 

1 

0 
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LODA,r r)a(,X) 


LOAD ABSOLUTE 


Addre s sing: Abs olut e 
Operation Codes: OC - OF 
Binary Code: 


76543210 76543210 76543210 


a 

B 

B 

B 

D 

D 



—p. 

1C 


.177- r"i— 

a high order 

.j_I_I_i_ 


T—I—r .r i I i 

a low order 

i—I—I—I_» i « 


Execution Time: 4 cycles (12 clock periods) 
Operation: (r) (EA) 


Description: This 3~byte instruction transfers a byte of data from memory 
into the specified register, r. The data byte is found at the effective 
address. The previous contents of register r are lost. 


Indirect addressing and/or indexing may be specified. If indexing is 
specified, bits 1 and 0, byte 0, indicate the index register and the 
destination of the operation implicilty becomes register zero. 


PSW Bits Affected: CC 


Condition Code Setting: 


REGISTER r 

CCl 

cco 

Positive 

0 

1 

Zero 

0 

0 

Negative 

1 

0 
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LODI,r V 


LOAD IMMEDIATE 


Addressing: Immediate 

Operation Codes: 04 - 07 
Binary Code: 



0 

0 

0 

0 

I 

—r“ 
r 


76543210 76543210 


Execution Time: 2 cycles (6 clock periods) 

Operation: (r)-^v 

Description: This 2-byte instruction transfers the second byte of the 

instruction, v, into the specified register, r. The previous contents of r 
are lost. 

PSW Bits Affected: CC 


Condition Code Setting: 


REGISTER r 

CCl 

cco 

Positive 

0 

1 

Zero 

0 

0 

Negative 

1 

0 
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LODR,r (*)a 


LOAD RELATIVE 


Addressing: Relative 
Operation Codes: 08 - OB 
Binary Code: 


76543210 76543210 


Execution Time: 3 cycles (9 clock periods) 

Operation: (r)(EA) 

Description: This 2-byte instruction transfers a byte of 

into the specified register, r. The data byte is found 
address formed by the addition of the field, considered 
complement number, and the address of the byte following 
The previous contents of register r are lost. Indirect 
specified. 

PSW Bits Affected: CC 


Condition Code Setting: 


REGISTER r 

CCl 

cco 

Positive 

0 

1 

Zero 

0 

0 

Negative 

1 

0 



0 


0 

0 

0 

M 


T—I—I— \ —I—r 
a 

I I I . . I_l_L 


data from memory 
at the effective 
as a 7-bit two's 
this instruction, 
addressing may be 
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LODZ r 


LOAD REGISTER ZERO 


Addressing: Register 
Operation Codes: 00 - 03 
Binary Code: 


0 

0 

0 

0 

0 

0 

11 


7 6 5 4 3 2 1 0 


Execution Time: 2 cycles (6 clock periods) 

Operation: (RO) (r) 

Description: This 1-byte instruction transfers the contents of the specified 
register, r, into register zero. The previous contents of register zero are 
lost. The contents of register r remain unchanged. 

VJhen the specified register, r, equals 0, the operation code is changed to 
60^6 (lORZ) by the assembler. However, the processor will execute the 
instruction OO^g correctly. 

PSW Bits Affected: CC 


Condition Code Setting: 


REGISTER ZERO 

CCl 

cco 

Positive 

0 

1 

Zero 

0 

0 

Negative 

1 

0 
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LPSL 


LOAD PROGRAM STATUS, LOWER 


Operation Code: 93 
Binary Code: 


1 

0 

0 

1 

0 

0 

1 

0 


7 6 5 4 3 2 1 0 


Execution Time: 2 cycles (6 clock periods) 

Operation: (PSL) (RO) 

Description: This 1-byte instruction causes the current contents of the 
Program Status Byte to be replaced with the contents of register zero. 

See Program Status Word description for bit assignments. 

PSW Bits Affected: CC, IDC, RS, WC, OVF, COM, C 

Condition Code Setting; The CC will take on the values in bits 7 and 
register zero. 


Lower 


6 of 
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LPSU 


LOAD PROGRAM STATUS, UPPER 


Operation Code: 92 
Binary Code: 


0 

0 

0 

1 

0 

0 

0 

0 


7 6 5 4 3 2 1 0 


Execution Time: 2 cycles (6 clock periods) 

Operation: (PSU) (RO) 

Description: This 1-byte instruction causes the current contents of the Upper 
Program Status Byte to be replaced with the contents of register zero. 

See Program Status Word description for bit assignments. Bits 4 and 3 of the 
PSU are unassigned and will always be regarded as containing zeroes. 

PSW Bits Affected: F, II, SP 

Condition Code Setting: N/A 
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NOP 


NO OPERATION 


Operation Code: CO 
Binary Code: 



1 


0 

0 

0 

0 

0 


7 6 5 4 3 2 1 0 

Execution Time: 2 cycles (6 clock periods) 

Operation: None 

Description: This 1-byte instruction causes the processor to take no action 
upon decoding it. No registers are changed, but fetching and executing a NOP 
instruction requires two processor cycles. 

PSW Bits Affected: None 

Condition Code Setting: N/A 
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PPSL V 


PRESET PROGRAM STATUS LOWER, MASKED 


Addressing: Immediate 

Operation Code: 77 
Binary Code: 


0 

3 

3 

1 

0 

1 

1 

3 


7 6 5 4 3 2 1 0 


I I I I I— r-T 

V 

_l,--J I l 1 1 L- 

7 6 5 4 3 2 1 0 


Execution Time: 3 cycles (9 clock periods) 

Operation: (PSL)-^(PSL) or v 

Description: This 1-byte instruction causes individual bits in the Lower 
Program Status Byte to be selectively set to binary one. When this 
instruction is executed, each bit in the v field of the second byte of this 
instruction is tested for the presence of a one and, if a particular bit in 
the V field contains a one, the corresponding bit in the status byte is set to 
one. Any bits in the status byte which are not selected are not modified. 

PSW Bits Affected: CC, IDC, RS, WC, OVF, COM, C 

Condition Code Setting: The CC bits may be set by the execution of this 
instruction. 


9-87 






PPSU V 


PRESET PROGRAM STATUS UPPER, MASKED 


Addressing: Immediate 
Operation Code: 76 
Binary Code: 


0 

1 

1 

0 

0 

0 

0 

0 


76543210 7 6 543210 


Execution Time: 3 cycles (9 clock periods) 

Operation: (PSU)-^(PSU) or v 

Description: This 2~byte instruction causes individual bits in the Upper 
Program Status Byte to be selectively set to binary one. When this 
instruction is executed, each bit in the v field of the second byte of this 
instruction is tested for the presence of a one and, if a particular bit in 
the V field contains a one, the corresponding bit in the ststus byte is set to 
one. Any bits in the status byte which are not selected are not modified. 

PSW Bits Affected: F, II, SP 

Condition Code Setting: N/A 
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REDC,r 


READ CONTROL 


Addressing: Register 
Operation Codes: 30 - 33 
Binary Code: 


0 

0 

0 

0 

0 

0 

—1— 
r 

1_L_J 


7 6 5 4 3 2 1 0 


Execution Time: 2 cycles (6 clock periods) 

Operation: (r)-<-(Port C) 

Description: This 1-byte input instruction causes a byte of data to be 
transferred from the data bus into register r. Signals on the data bus are 
considered to be true signals; i.e., a high level will be set into the 
register as a one. 

When executing this instruction, the processor raises the Operation Request 
(OPREQ) line, simultaneously switching the M/IO line to 10, the R/W line to R 
(Read), the D/C line to C (Control), and the E/NE line to NE (Non-Extended). 

See Input/Output section of this chapter. 

PSW Bits Affected: CC 


Condition Code Setting: 


REGISTER r 

CCl 

cco 

Positive 

0 

1 

Zero 

0 

0 

Negative 

1 

0 
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REDD,r 


READ DATA 


Addressing: Register 
Operation Codes: 70 - 73 
Binary Code: 

m— .r"i — 

0 1110 0 r 

7 6 5 4 3 2 1 0 

Execution Time: 2 cycles (6 clock periods) 

Operation: (r)-^(Port D) 

Description: This 1-byte input instruction causes a byte of data to be 

transferred from the data bus into register r. Signals on the data bus are 
considered to be true signals; i.e., a high level will be set into the 
register as a one. 

When executing this instruction, the processor raises the Operation Request 
(OPREQ) line, simultaneously switching the M/IO line to 10 and the R/W to R 
(Read). Also, during the OPREQ signal, the D/C line switches to D (Data) and 
the E/NE switches to NE (Non-Extended). 

See Input/Output section of this chapter. 

PSW Bits Affected: CC 

Condition Code Setting: 

REGISTER r CCl CCO 


Positive 

Zero 

Negative 


0 

0 

1 


1 

0 

0 





REDE,r V 


READ EXTENDED 


Addressing: Immediate 

Operation Codes: 54 - 57 
Binary Code: 


76543210 76543210 



1 

0 

I 

0 

0 

r 


T—I—I—I—I—I—r 

V 

J_I_I_I_I_I_L 


Execution Time: 3 cycles (9 clock periods) 

Operation: (r)-^(Port v) 

Description: This 2-byte input instruction causes a byte of data to be 
transferred from the data bus into register r. During execution of this 
instruction, the content of the second byte of this instruction is made 
available on the ADRO to ADR7 lines of the address bus. 

During execution, the processor raises the Operation Request (OPREQ) line, 
simultaneously placing the contents of the second byte of the instruction on 
the address bus. During the OPREQ signal, the M/IO line is switched to 10, 
the R/W line to R (READ), and the E/NE line to E (Extended). 

See Input/Output section of this chapter. 

PSW Bits Affected: CC 


Condition Code Setting: 


REGISTER r 

CCl 

cco 

Positive 

0 

1 

Zero 

0 

0 

Negative 

1 

0 
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RETC, V 


RETURN FROM SUBROUTINE, CONDITIONAL 


Operation Codes: 14 -17 
Binary Code: 


0 

0 

0 

E 

0 

1 



7 6 5 4 3 2 1 0 


Execution Time: 3 cycles (9 clock periods) 

Operation: (lAR)-^((SP)) I if v = (CC) or 

(SP) -•-(SP) - 1 I if V = 3 


Description: This 1-byte instruction is used by a subroutine to 
effect a return of control to the program which last issued 
branch instruction. 


conditionally 
a subroutine 


If the 2-bit v field in the instruction matches the Condition Code field (CC) 
in the Program Status Word, the following action is taken: The address 
contained in the top of the Return Address Stack replaces the previous 
contents of the Instruction Address Register (lAR), and the Stack Pointer is 
decremented by one. 

If the V field does not match CC, the return is not effected, and the next 
instruction to be executed is taken from the location following this 
instruction. 

If V is specified as 3, the return is executed unconditionally. 

PSW Bits Affected: SP 
Condition Code Setting: N/A 
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RETE,v 


RETURN FROM SUBROUTINE AND ENABLE INTERRUPT, CONDITIONAL 


Operation Codes: 34 - 37 
Binary Code: 

——————r“T— 

0 0 1 1 0 1 V 

..J_ i t 1 

7 6 5 4 3 2 1 0 

Execution Time: 3 cycles (9 clock periods) 

Operation: (lAR)((SP)) 

(SP)-*-(SP) - 1 > if V = (CC) or 

(II) -^0 if V = 3 

Description: This 1-byte instruction is used by a subroutine to conditionally 

effect a return of control to the program which last issued a Subroutine 

Branch instruction. Additionally, if the return is effected, the Interrupt 

Inhibit (ll) bit in the Program Status Word is cleared to zero, thus enabling 

interrupts. This instruction is mainly intended to be used by an interrupt 
handling routine because receipt of an interrupt causes a Subroutine Branch to 
be effected and the Interrrupt Inhibit bit to be set to 1. The interrupt 
handling routine must be able to return and enable simultaneously so that the 
interrupt routine cannot be interrupted unless specifically desired. 

If the 2-bit v field in the instruction matches the Condition Code field (CC) 
in the Program Status Word, the following action is taken: The address 

contained in the top of the Return Address Stack (RAS) replaces the previous 
contents of the Instruction Address Register (lAR), the Stack Pointer is 
decremented by one and the II bit is cleared to zero. 

If the V field does not match CC, the return is not effected and the next 

instruction to be executed is taken from the location following this 
instruction. 

If V is specified as 3, the return is executed unconditionally. 

PSW Bits Affected: SP, II 
Condition Code Setting: N/A 
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RRL,r 


ROTATE REGISTER LEFT 


Addressing: Register 
Operation Codes: DO - D3 
Binary Code: 


Q 

0 

0 

1 

0 

0 

i 


I I I I I I_ I I 

7 6 5 4 3 2 1 0 


Execution 

Operation: 


Time: 2 cycles (6 clock periods) 


(r(7:l)) (r(6:0)) 

(r(0)) -- (r(7)) 
(r(0)) (C) 

(C) (r(7)) 

(IDC) (r(4)) 


if (WC) = 
if (WC) = 


0 

1 



7 6 5 4 3 2 1 0 




Description: This 1-byte instruction causes the contents of the specified 
register r to be shifted left one bit. If the WC bit in the Program Status 
Word is set to zero, bit 7 of register r flows into bit 0; if (WC) = 1, then 

bit 7 flows into the Carry bit and the Carry bit flows into bit 0. 

Register bit 4 flows into the IDC if (WC) = 1. 

PSW Bits Affected: C, CC, IDC, OVF 

NOTE 

If (WC) = 1, and the Rotate causes bit 7 of the specified register to change 

from 0 to 1, the OVF bit is set in the PSL. 


Condition Code Setting: 


REGISTER r 

CCl 

cco 

Positive 

0 

1 

Zero 

0 

0 

Negative 

1 

0 
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RRR,r 


ROTATE REGISTER RIGHT 


Addressing: Register 
Operation Codes: 50 - 53 
Binary Code: 


0 

0 

0 

0 

0 

0 

—'— 1 
r 

I 1 1 


7 6 5 4 3 2 1 0 


Execution Time: 2 cycles (6 clock periods) 


Operation: 


(r(6:0)) 

(r(7:l)) 


(r(7)) 

(r(0)) 

; if (WC) 

(r(7)) 

-►-(C) ) 


(C) 

-^(r(7)) 1 

; if (WC) 

(IDC) 

— (r(6)) ) 



0 

1 



7 6 5 4 3 2 1 0 


WC=0 




'*iE 






►[c]- 

-1 

□ 

□ 

□ 

□ 


1 WC 


7 6 5 4 3 2 10 


Description: This 1-byte instruction causes the contents of the specified 

register r to be shifted right 1 bit. If the WC bit in the Program Status 
Word is set to zero, bit 0 of register r flows into bit 7; if (WC) = 1, then 

bit 0 of the register r flows into the Carry bit and the Carry bit flows into 

bit 7. 

Register bit 6 flows into the IDC if (WC) = 1. 

PSW Bits Affected: C, CC, IDC, OVF 
NOTE 

If (WC) = 1, and the Rotate causes bit 7 of the specified register to change 

from 0 to 1, the OVF bit is set in the PSL. 


Condition Code Setting: 


REGISTER r 

CCl 

cco 

Positive 

0 

1 

Zero 

0 

0 

Negative 

1 

0 
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SPSL 


STORE PROGRAM STATUS, LOWER 


Operation Code: 13 
Binary Code; 


0 

0 

0 

1 

0 

0 

1 

0 


7 6 5 4 3 2 1 0 


Execution Time: 2 cycles (6 clock periods) 

Operation: (RO) -^(PSL) 

Description: This 1-byte instruction causes the contents of the Lower 
Status Byte to be transferred into register zero. 

See Program Status Word description for bit assignments. 

PSW Bits Affected: CC 

Condition Code Setting: 


REGISTER ZERO 

CCl 

cco 

Positive 

0 

1 

Zero 

0 

0 

Negative 

1 

0 


Program 
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SPSU 


STORE PROGRAM STATUS, UPPER 


Operation Code; 12 
Binary Code: 


0 

0 

0 

0 

0 

0 

0 

0 


7 6 5 4 3 2 1 0 


Execution Time: 2 cycles (6 clock periods) 

Operation: (RO) (PSU) 

Description: This 1-byte instruction causes the contents of the Upper 
Status Byte to be transferred into register zero. 

See Program Status Word description for bit assignments. Bits 4 and 3 
PSU which are unassigned will always be stored as zeroes. 

PSW Bits Affected: CC 

Condition Code Setting: 


REGISTER ZERO 

CCl 

cco 

Positive 

0 

1 

Zero 

0 

0 

Negative 

1 

0 


Program 

of the 
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STRA,r (*)a(,X) 


STORE ABSOLUTE 


Addressing: Absolute 
Operation Codes: CC - CF 
Binary Code: 


0 

1 

0 

0 

1 

0 

—1— 
r orX 

i 


7 6 5 4 3 2 1 0 


I IC 

I 


a high order 

I ■ I I 


7 6 5 4 3 2 1 0 


1 —I -- r- r.r 1 —r 

a low order 


7 6 5 4 3 2 1 0 


Execution Time: 4 cycles (12 clock periods) 

Operation: (EA) -^(r) 

Description: This 3-byte instruction transfers a byte of data from the 
specified register, r, into the byte of memory pointed to by the effective 
address. The contents of register r remain unchanged and the contents of the 
memory byte are replaced. 

Indirect addressing and/or indexing may be specified. If indexing is 
specified, bits 1 and 0, byte 0, indicate the index register and the source of 
the operation implicitly becomes register zero. 

PSW Bits Affected: None 

Condition Code Setting: N/A 
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STRR,r (*)a 


STORE RELATIVE 


Addressing: Relative 

Operation Codes: C8 - CB 
Binary Code: 


B 

0 

0 

0 

0 

0 

3 


76543210 76543210 


Execution Time: 3 cycles (9 clock periods) 

Operation: (EA) (r) 

Description: This 2-byte instruction transfers a byte of data from the 

specified register, r, into the byte of memory pointed to by the effective 
address. The contents of register r remain unchanged and the contents of the 
memory byte are replaced. 

Indirect addressing may be specified. 

PSW Bits Affected: None 

Condition Code Setting: N/A 
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STRZ r 


STORE REGISTER ZERO 


Addressing: Register 
Operation Codes; Cl - C3 
Binary Code: 


0 

0 

0 

0 

0 

0 

01 


I_L-J_I_*_I_L-j— 

7 6 5 4 3 2 1 0 


Execution Time: 2 cycles (6 clock periods) 

Operation: (r) (RO) ; r 7^ RO 

Description: This 1-byte instruction transfers the contents of register zero 
into the specified register r. The previous contents of register r are lost. 
The contents of register zero remain unchanged. 

NOTE 

Register r may not be specified as zero. This operation code, *11000000’, is 
reserved for NOP, 

PSW Bits Affected: CC 


Condition Code Setting: 


REGISTER r 

CCl 

cco 

Positive 

0 

1 

Zero 

0 

0 

Negative 

1 

0 
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SUBA,r (*)a(,X) 


SUBTRACT ABSOLUTE 


Addressing: Absolute 
Operation Codes: AC - AF 
Binary Code: 


76543210 76543210 76543210 


*1—I—I—I—1—I—r 
a low order 

» « «_I_L, I. i 


1 

0 

1 

0 

1 

1 

—,— 
r orX 


-T— 

1C 


a high order 

_I_I_I_I_ 


Execution Time: 4 cycles (12 clock periods) 

Operation: (r)-<-^(r) - (EA) ; if (WC) = 0 

(r) -«-(r) - (EA) - (C) ; if (WC) = 1 

Description: This 3-byte instruction causes the contents of the byte of 

memory pointed to by the effective address to be subtracted from the contents 
of register r. The result of the subtraction replaces the contents of 

register r. 

The subtraction is performed by taking the binary two’s complement of the 
contents of the memory byte and adding that result to the contents of register 

r • 


Indirect addressing and/or indexing may be specified. If indexing is 
specified, bits 1 and 0, byte 0, indicate the index register, and the 
destination of the operation implicitly becomes register zero. 

NOTE 

Subtract with Borrow may be performed. See With/Without Carry and Carry in 
description of Program Status Word. 

PSW Bits Affected: C, CC, IDC, OVF 


Condition Code Setting: 


REGISTER r 

CCl 

cco 

Positive 

0 

1 

Zero 

0 

0 

Negative 

1 

0 
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SUBI,r V 


SUBTRACT IMMEDIATE 


Addressing: Immediate 

Operation Codes: A4 - A7 
Binary Code: 


0 

0 

0 

0 

0 

0 

0 ] 


76543210 76543210 


Execution Time: 2 cycles (6 clock periods) 

Operation: (r )^ (r) - v J if (WC) = 0 

(r)-^(r) - V - (C) ; if (WC) = 1 

Description: This 2“byte instruction causes the contents of the second byte 

of this instruction to be subtracted from the contents of register r. The 
result of the subtraction replaces the contents of register r. 

The subtraction is performed by taking the binary two*s complement of the 
contents of the second instruction byte and adding that result to the contents 
of register r. 

NOTE 

Subtraction with Borrow may be performed. See With/Without Carry and Carry in 
description of Program Status Word. 

PSW Bits Affected: C, CC, IDC, OVF 


Condition Code Setting: 


REGISTER r 

CCl 

cco 

Positive 

0 

1 

Zero 

0 

0 

Negative 

1 

0 
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SUBR,r Ha 


SUBTRACT RELATIVE 


Addressing: Relative 
Operation Codes: A8 - AB 
Binary Code: 


0 

0 

0 

0 

0 

0 

r 

_1_ 


76543210 76543210 


Execution Time: 3 cycles (9 clock periods) 

Operation: (r)-^(r) - (EA) ; if (WC) = 0 

(r) - (EA) - (C) ; if (WC) = 1 

Description: This 2-byte instruction causes the contents of the byte of 
memory pointed to by the effective address to be subtracted from the contents 
of register r. The result of the subtraction replaces the contents of 
register r. 

The subtraction is performed by taking the binary two*s complement of the 
contents of the byte of memory and adding that result to the contents of 
register r. 

Indirect addressing may be specified. 

NOTE 

Subtract with Borrow may be performed. See With/Without Carry and Carry in 
description of Program Status Word. 

PSW Bits Affected: C, CC, IDC, OVF 


Condition Code Setting: 


REGISTER r 

CCl 

cco 

Positive 

0 

1 

Zero 

0 

0 

Negative 

1 

0 
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SUBZ r 


SUBTRACT FROM REGISTER ZERO 


Addressing: Register 
Operation Codes: AO - A3 
Binary Code: 


0 

0 

0 

0 

0 

0 



Li- i I 1 t i i 
7 6 5 4 3 2 1 0 


Execution Time: 2 cycles (6 clock periods) 

Operation: (RO)(RO) - (r) ; if (WC) = 0 

(RO)-^(RO) - (r) - (C) ; if (WC) = 1 

Description: This 1-byte instruction causes the contents of the specified 
register r to be subtracted from the contents of register zero. The result of 
the subtraction replaces the contents of register zero. 

The subtraction is performed by taking the binary two*s complement of the 
contents of register r and adding that result to the contents of register 
zero. The contents of register r remain unchanged. 

NOTE 

Subtract with Borrow may be performed. See With/Without Carry and Carry in 
description of Program Status Word. 

PSW Bits Affected: C, CC, IDC, OVF 


Condition Code Setting: 


REGISTER ZERO 

CCl 

cco 

Positive 

0 

1 

Zero 

0 

0 

Negative 

1 

0 
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TMI,r V 


TEST UNDER MASK IMMEDIATE 


Addre s sing: Imme diat e 
Operation Codes: F4 - F7 
Binary Code: 



76543210 76543210 


Execution Time: 3 cycles (9 clock periods) 

Operation: (CC)-^O ; if (r) OR NOT v = FFjg 

(CC)-^2 ; otherwise 

Description: This 2-byte instruction tests individual bits in the specified 
register r to determine if they are set to binary one. During execution, each 
bit in the v field of the instruction is tested for one, and if a particular 
bit in the v field contains a one, the corresponding bit in register r is 
tested for a one or zero. The Condition Code is set to reflect the result of 
the operation. 

If a bit in the v field is zero, the corresponding bit in register r is not 
tested. 

PSW Bits Affected: CC 


Condition Code Setting: 


REGISTER r 



CCl 

cco 

All of the 

selected bits are 

Is 

0 

0 

Not all of 

the selected bits 

are Is 

1 

0 
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TPSL V 


TEST PROGRAM STATUS LOWER, MASKED 


Addressing: Immediate 

Operation Code: B5 
Binary Code: 


T—I—I—I—I—I—r 

V 


76543210 76543210 



I 

1 

1 

3 

1 


3 


Execution Time: 3 cycles (9 clock periods) 

Operation: (CC)-^O ; if (PSL) OR NOT v = 

(CC)-^2 ; otherwise 

Description: This 2-byte instruction tests individual bits in the Lower 

Program Status Byte to determine if they are set to binary one. When this 
instruction is executed, each bit in the v field of this instruction is tested 
for a one, and if a particular bit in the v field contains a one, the 
corresponding bit in the status byte is tested for a one or zero. The 
Condition Code is set to reflect the result of this operation. 

If a bit in the v field is zero, the corresponding bit in register r is not 
tested, 

PSW Bits Affected: CC 
Condition Code Setting: 


CCl 


CCO 


All of the selected bits in PSL are Is 0 

Not all of the selected bits in PSL are Is 1 


0 

0 
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TPSU V 


TEST PROGRAM STATUS UPPER, MASKED 


Addressing: Immediate 

Operation Code: B4 
Binary Code: 


0 

0 

1 

1 

0 

1 

0 

0 


7 6 5 4 3 2 1 0 


—I— \ —rn—I—I—r 

V 

_I I I I I I I— 

7 6 5 4 3 2 1 0 


Execution Time: 3 cycles (9 clock periods) 

Operation: (CC)-^O ; if (PSU) OR NOT v = FF^g 

(CC)^2 ; otherwise 

Description: This 2-byte instruction tests individual bits in the Upper 
Program Status byte to determine if they are set to binary one. When this 
instruction is executed, each bit in the v field of this instruction is tested 
for the presence of a one, and if a particular bit in the v field contains a 
one, the corresponding bit in the status byte is tested for a one or zero. 
The Condition Code is set to reflect the result of this operation. 

If a bit in the v field is zero, the corresponding bit in the status byte is 
not tested. 

PSW Bits Affected: CC 
Condition Code Setting: 


CCl CCO 

All of the selected bits in PSU are Is 0 0 

Not all of the selected bits in PSU are Is 1 0 


9-107 





WRTG,r 


WRITE CONTROL 


Addressing: Register 
Operation Codes: BO - B3 
Binary Code: 


0 

0 

0 

0 

0 

0 

11 


7 6 5 4 3 2 1 0 


Execution Time: 2 cycles (6 clock periods) 

Operation: (Port C)-^(r) 

Description: This 1-byte output instruction causes a byte of data to be made 

available to an external device. The byte to be output is taken from register 
r and made available^ on the data bus. 

When executing this instruction, the processor raises the Operation Request 
(OPREQ) line and simultaneously places the data on the Data Bus. Along with 
the OPREQ signal, the M/IO line is switched to 10, the R/W signal is switched 
to W (Write), the D/C line is switched to C (Control), the E/NE is switched to 
NE (Non-Extended), and a Write Pulse (WRP) is generated. 

See the Input/Output section of this chapter. 

PSW Bits Affected: None 

Condition Code Setting: N/A 
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WRTD,r 


WRITE DATA 


Addressing: Register 
Operation Codes: FO - F3 
Binary Code: 


0 

1 

0 

0 

0 

0 

3 


» i - i L-J I I I— 

7 6 5 4 3 2 1 0 


Execution Time: 2 cycles (6 clock periods) 

Operation: (Port D) -^(r) 

Description: This 1-byte output instruction causes a byte of data to be made 
available to an external device. The byte to be output is taken from register 
r and made available on the data bus. 

When executing this instruction, the processor raises the Operation Request 
(OPREQ) line and simultaneously places the data on the data bus. Along with 
the OPREQ, the M/IO line is switched to 10, the R/W signal is switched to W 
(Write), and a Write Pulse (WRP) is generated. Also, during the OPREQ signal, 
the D/C line is switched to D (Data) and the E/NE line is switched to NE 
(Non-Extended). 

See Input/Output section of this chapter. 

PSW Bits Affected: None 
Condition Code Setting: N/A 
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WRTE,r V 


WRITE EXTENDED 


Addressing: Immediate 

Operation Codes: D4 - D7 
Binary Code: 

1 |l|o|llol 1 I r 

—— L« 

7 6 5 4 3 2 1 0 

Execution Time: 3 cycles (9 clock periods) 

Operation: (Port v) -#-(r) 

Description: This 2-byte output instruction causes a byte of data to be made 

available to an external device. The byte to be output is taken from register 
r and is made available on the data bus. Simultaneously, the data in the 
second byte of this instruction is made available on the ADRO to ADR7 lines of 
the address bus. The second byte, v, may be interpreted as a device address. 

When executing this instruction, the processor raises the Operation Request 
(OPREQ) line and simultanously places the data from register r on the data bus 
and the data from the second byte of this instruction on the address bus. 
Along with OPREQ, the M/IO line is switched to 10, the R/W line is switched to 
W (Write), the E/NE line is switched to E (Extended), and a Write Pulse (WRP) 
is generated. 

See the Input/Output section of this chapter. 

PSW Bits Affected: None 
Condition Code Setting: N/A 



7 6 5 4 3 2 1 0 


9-110 





ZBRR Oa 


ZERO BRANCH RELATIVE 


Addressing: Relative 
Operation Code: 9B 
Binary Code: 


0 

0 

0 

1 

0 

0 

0 

0 


76543210 76543210 


Execution Time: 3 cycles (9 clock periods) 

Operation: (lAR) -^EA 

Description: This 2-byte unconditional relative branch instruction directs 

the processor to calculate the effective address differently than the usual 
calculation for the Relative Addressing mode. 

The specified value, a, is interpreted as a relative displacement from page 
zero, byte zero. Therefore, displacement may be specified from -64 to +63 
bytes. The address calculation is modulo 8192ioj so the negative 
displacement actually will develop addresses at the end of page zero. For 
example, ZBRR -8, will develop an effective address of 8184^0, and a ZBRR 
+52 will develop an effective address of 52 iq‘. 

This instruction causes the processor to clear address bits 13 and 14, the 
page address bits, and to replace the contents of the Instruction Address 
Register with the effective address of the instruction. This instruction may 
be executed anywhere within addressable memory. 

Indirect addressing may be specified. 

PSW Bits Affected: None 

Condition Code Setting: N/A 
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ZBSR Ha 


ZERO BRANCH TO SUBROUTINE, RELATIVE 


Addressing: Relative 
Operation Code: BB 
Binary Code: 

10 1110 11 
7 6 5 4 3 2 1 0 

Execution Time: 3 cycles (9 clock periods) 

Operation: (SP)-^(SP) + 1 

((SP)) -^(lAR) 

(lAR)-^EA 

Description: This 2-byte unconditional subroutine branch instruction directs 
the processor to calculate the effective address differently than the usual 
calculation for the relative addressing mode. 

The specified value, a, is interpreted as a relative displacement from page 
zero, byte zero. Therefore, displacement may be specified from -64 to +63 
bytes. The address calculation is modulo 8192io> ^he negative 

displacement will develop addresses at the end of page zero. For example, 
ZBSR -10, will develop an effective address of 818220> ZBSR 31 will 

develop an effective address of 31 jq* 

This instruction may be executed anywhere within addressable memory. Indirect 
addressing may be specified. 

When executed, this instruction causes the Stack Pointer to be incremented by 
one, the address of the byte following this instruction is pushed into the 
Return Address Stack (RAS), and control is transferred to the effective 
address• 

PSW Bits Affected: SP 
Condition Code Setting: N/A 



7 6 5 4 3 2 1 0 
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o 

a 

QC 

if) 

13 

2 

iu 

s 

nc 

l/l 

1 

1 

2 

Q 

2 

I 

B 

m 


CLOCK SOURCE XTAL. 
CLOCK DIUIDE BY A 
NO DISABLE 


4 
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11. USE MONITOR PROGRAM LISTINGS 
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THIN flSSEfELEf? VER 2. 0 INSTRICTOR M PRGK li/1-78 PAGE ^01 

LINE fWR OBJECT 

E SOURCE 



0002 

ifRaSWI !«ITTEN BV Dfl\€ HOTRING 

0002 


am 

* EQUATE Tfia.ES 


0005 

* 



0006 

* REGISTER 

EQLiRTES 


000? 0000 

R0 EQU 

0 

REGISTER 0 

0008 0001 

R1 EQU 

1 

REGISTER 1 

0009 00% 

R2 EQU 

2 

REGISTER 2 

%i0 @002 

R2 EQU 

2 

REGISTER 2 

0011 

* COWITION 

CODES 


0012 0001 

P EQU 

1 

POSITIVE RESULT 

0012 0000 

2 EQU 

0 

ZERO RESULT 

0014 0002 

^K] EQU 

2 

NEGATIVE RESULT 

0015 0002 

LT EQU 

2 

LESS THai 

0016 0000 

EQ EQU 

0 

EQUAL TO 

0017 0001 

GT EQU 

1 

HEATER TmN 

0018 0002 

UN EQU 

2 

UfCWITIONAL 

0019 

* PSH LOWER 

EQIPTES 


0020 00C0 

CC EQU 

H'C0' 

CONDITIONAL CODES 

0021 0020 

IDC EQU 

r28'' 

INTERDIGIT CflRRV 

0022 0010 

RS EQU 

H^IB" 

REGISTER HNK 

%22 0008 

HC EQU 

H'08' 

1=WITH 0=HITHaiT CHRV 

0024 0004 

OVF EQU 

H''04' 

OVERFLOW 

0025 0002 

COH Eai 

H'02' 

i=LOGIC 0=fiRITHI€TIC COMPARE 

0026 0001 

C EQU 

H'0i' 

CHRV/BORROW 

0027 

* PSH UPPER 

EQUATES 


%28 0080 

SENS EQU 


SENSE BIT 

0029 0040 

FLAG EQU 

H''40'' 

FLAG BIT 

0020 0020 

II EQU 

H'20' 

INTERRUPT INHIBIT 

0021 0007 

SP EQU 

H-'07' 

STACK POINTER 

0022 

# 10 PORT DEFINITIONS 


0022 0007 

LEDS EQU 

H'O?" 

USER EXTENDED 10 PORT 

0024 

* INTERUPT VECTORS 


0025 0007 

UINTV EQU 

H'07' 

USER DIRECT INTERLPT \€CTCP 

0026 0087 

UINTVI EQfJ 

H''87' 

IJ^R INDIRECT INTERUF-T VECTOR 

0027 

* IWDlfPE DEFINITIONS 


0028 @0FE 

KBDIN E0J 

HTE' 

fiDDRESS OF KBD 10 PORT 

0029 00F9 

SEG EQU 

WTr 

10 fCsDi^SS OF SEGMENT DRIVER 

%40 00F9 

DISP EQU 

SEG 


0041 00Ffl 

DIGIT EQU 

HTft' 

fiDDRESS OF DIGIT ENflLE 

0042 00F8 

CTBVT EQU 

HTS' 

fiDDRESS OF CONTROL BVTE 

0042 00F8 

CfiS EQU 

CTBVT 

fiDDRESS CP CASSETTE INTERFfiiDE 

0044 00FB 

OPRQCT EQU 

H'FB'' 

ADDI^SS OF EFREQ CO-INTER 

0045 00FD 

LfiDRH EQU 

H'FD" 

fiDDRESS OF LAST fiDDRESS REG HI BVTE 

0046 00FC 

LflDRL EQU 

HTC" 

fiDDRESS OF LfiST fiDDRESS REG LO BVTE 
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THIN ASSEMBLER VER 2.9 INSTRUCTOR 59 PRGM li/1/78 


PAGE 0002 


LINE ADOR OBJECT E SOURCE 


0848 

9049 

9950 0999 
0851 

0052 17C0 
0052 17C6 
0054 17C8 
0^ 17CA 
0056 17CC 
0057 17CD 
0058 ITCF 
0059 17D0 
0060 17D1 
0061 17D9 
0062 17DD 
8862 17DF 
0864 i7El 
0065 17E2 
0066 17B 
0067 17E5 
0068 17E6 
0069 i7E7 
0070 17E8 
0071 17EA 
0072 ITEC 
0072 17EE 
0074 17EF 
0075 i7F0 
0076 17F1 
0077 17F2 
0078 17FE 
0079 





ORG 

H'1800'-64 TRAINING Cffl?D RAM AREA 

SCTCH 

RES 

8 

8 BVTE SCRATCH AREA 

TEMP 

EQU 

SCTCH+6 TEMP STORAGE 

EAD 

RES 

2 

STOP M»RESS FOR WCAS 

BAD 

RES 

2 

BEGI^WII«S ADDRESS FOR ICAS 

BPD 

RES 

1 

DATA TO BE RESTORED IN BREAK LCC 

BPL 

RES 

2 

ADDRESS OF BREAK POINT LOC 

BPF 

RES 

1 

BREAK POINT SET FLAG 

SSF 

ms 

1 

SINa£ STEP SET FIJ% 

DISBUF RES 

8 

8 BVTE DISPLAV REGISTER 

SAVREG RES 

4 

A PLACE TO SAVE R8 THRU R2 OF WE BA»: 

fei 

RES 

2 

f®DRESS F® flTER M? PATCH COMMAND 

FID 

RES 

2 

FILE ID FLAG AND FILE ID 

BCC 

RES 

1 

BLOCK CfECK CJ«« 

Bsn 

RES 

1 

SAVE UNITS DIGIT 

T 

RES 

2 

TEMP REGISTER 

T1 

RES 

1 

TErP REGISTER 

T2 

RES 

1 

TEJP REGISTER 

T2 

RES 

1 

TEMP REGISTER 

LADR 

RES 

2 

copy OF LAST ADDRESS REGISTER 

SLADR 

RES 

2 

SAVE LOCATIW^ FOR LADR 

KFLG 

RES 

2 

K6D SCAN FLAGS 


RES 

1 

KBD DEKOCE COIWT 

ALF 

RES 

1 

DISPLAY ffl® ALFR FLAG 

RESF 

RES 

1 

RESTORE REGISTERS FLAG 

IFLG 

RES 

1 

INTERUF'T INHIBIT FLAG 

UREG 

RES 

12 

STORAGE FOR USER REGISTERS 

PIMIN 

RES 

2 

W»£N P(MR m THESE LOC CONTAIN H'5946 
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THIN ASSEMBLER VER 2. 0 INSTRUCTOR 58 PRGM 11/1/78 


PAGE 0002 


LINE ADDR OBJECT 

E SOURCE 


0081 


8082 1800 

ORG H'1800' 

BEGINIfffi OF TRAINING CfKD ROM ffl?EA 

0083 


0084 

5»5 


0085 

♦SAVE ALL REGISTERS UPON ENTRV TO PROGRAM 

0086 

J(! 


0087 

♦REGISTERS USED 


dm 

♦ 


@889 

♦R0 THRU R3'' PSU PSL 


0090 

♦ 


0091 

♦SUBROUTINES CALLED 


0092 

♦ 


0093 

■♦NOI€ 


8094 

* 


®95 

♦Rm MEMORV USED 


0096 

* 


0097 

♦UREG = R0 


0098 

♦{fl?EG+l = R1 


0099 

♦UREG+2 = R2 


0100 

♦UREG+3 = R2 


0101 

♦UREG+4 = Rl' 


0182 

♦UREG+5 = R2'' 


8103 

♦UREG+6 = R3' 


0104 

♦UREG+7 = PSU 


0105 

♦UREG+8 = PSL 


0106 

♦UREG+9 = PPSL INSTRUCTION OPCODE 

0107 

♦UREG+10 = PSL 


0108 

♦im:g+ii =retc,w< instrlction opccoe 

0109 



0110 


0111 

* 


0112 1800 C870 

SAVRG STRR,R0 UREG 

SAVE R8 

0112 1802 13 

SPSL 

GET PSL 

0114 1803 C875 

STRR.R0 LiREG+8 

SAVE PSL 

0115 1805 C875 

STRR, R0 UREG+10 SAVE PSL FOR RESTORE ROUTINE 

0116 1307 12 

SPSU 

GET PSU 

0117 1808 C86F 

STRR,R0 UREG+7 

SA^ PSU 

0118 180A 7620 

PPSU II 

SET INTERUPT IfWIBIT 

0119 18K: 7510 

CPSL RS 

CLEAR REGISTER SWITCH 

8120 180E C963 

STRR^Rl IJREG+1 

SAVE R1 

0121 1810 CR62 

STRR,R2 UREG+2 

SAVE R2 

0122 1812 CB61 

STRR,R3 UREG+3 

SAVE R3 

0123 1814 7710 

PPSL RS 

SET REGISTER SWITCH 

0124 1816 C95E 

STRR,R1 UREG+4 

SAVE Rl' 

0125 1818 CR5D 

STRR,R2 Uf$G+5 

SAVE R2' 

0126 181A CB5C 

STRR,R2 UREG+6 

SAVE R3' 

0127 181C 75F 

CPSL 255 

CLEffi? PSL 

0128 181E 7702 

PPSL COM 

DO LOGICAL COMPILES 

0129 1820 54FD 

REDLR0 LAC^H 

GET LAST ADDRESS HI BVTE 

0138 1822 CC17E8 

STRflR0 LADR 

SA^yE IN MEMORV 

0131 1825 54FC 

REDLR0 LADRL 

GET LAST ADCjRESS LO BVTE 

0132 1827 CC17E9 

STRR..R0 LA[*+1 

SAVE IT 

0133 182A m 

EORZ R0 

GET A 0 

0134 182B CC17F1 

STRaR0 IFLG 

CLEAR INTERUPT INHIBIT FLAG 
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THIN ftSSENBLER VER 2.8 INSTRUCTOR 58 PRGH 11/1/78 


PfiGE t3804 


LINEflDDR OBJECT 

E SOURCE 


0138 


0137 

♦ 


0138 



0139 

♦ 


0140 

♦PROGRffll ENTRV ROUTIfC 

8141 

♦ 


0142 

♦ 


0143 

♦DECIDES H»l REACHED ENTRV POINT OF PRMRAM 

0144 

♦ 


0145 

*1 POWER ON 

0146 

*2 SmE STEP 

0147 

*3 MONITOR PUSHBUTTON W KEV BOARD 

8148 

*4 BREAKPOINT 

0149 

♦ 


0150 

♦ 


0151 

♦ 


0152 

♦ 


0153 


0154 

♦ 


0155 182E 084E 

BEG 

LODR,R0 PHRON CHECK POWER ON FLAG 

0156 1830 E459 


COML H'59'' AFTER POCR VAU£ OF FLAG IS 

0157 

♦ 

H'5946' 

01K 1832 9813 

BEGl 

BCFR, EQ INIT IF NOT CORRECT THIS IS POWER ON 

0159 

* 

GO INITIffl-IZE THE MmiTOR FLAGS 

0160 1834 0849 

BEG3 

Lm R0 PI«ON+l CHECK LO BVTE OF POWER ON FLAG 

0161 1836 E446 


CC»1LR0H'46' IS SECOf® BVTE CORRECT 

8162 1838 980D 


EQ INIT IF NOT INITIALIZE THE PROGRAM 

0163 183fl 0C17D0 


Lm R0 SSF OECK THE SINGLE STEP- FLAG 

0164 183D 9C19C9 


BCFA,EQ SGLSTP IF FLAG THEN GO Sir«LE STEP 

0165 1840 0899 


LMiR. R0 *MON+l SEE IF BREAK POINT ENABLED 

0166 1842 9C197fl 

BEG2 

BCFFLEO BRKPT GO EXECUTE THE BREAK POINT ROUTINE 

0167 1845 1B13 


KTR^WMON MUST BE MONITOR KEV 

0168 

♦ 
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THIN RSSEHBLER m IB INSTRUCTOR 50 PR6« il/i/TS 


PffiE ^ 


LINE flDDR OBJECT E SOURCE 


0170 

0171 

0172 

0172 

0174 

0175 

0176 

0177 

0178 

0179 

0180 

0181 

0182 

0182 

0184 

0185 


0187 

0188 

0189 

0190 

0191 

0192 

0192 

0194 

0195 

0196 

0197 

0198 1847 0459 
0199 1849 CC17FE 
0200 184C 0446 
0201 184E CC17F 
0202 1851 20 
0202 1852 CC17DD 
0204 1855 CC17DE 
@205 1858 C881 
0206 1850 «:i7CF 
0207 185D 188F 
0208 185F 0C17CC 
0209 1862 CC97CD 
0218 1865 EC97CD 
0211 1868 1804 
0212 1860 0701 
8212 186C 9BE8 
0214 186E 20 
0215 186F [)4F8 
0216 1871 CC17D0 
0217 1874 051F 
0218 1876 0694 
@219 1878 BBF 
0228 1870 20 
02a 187B BBEC 
0222 187D F680 
8222 187F 9816 
0224 1881 460F 


* 

* 

*m BORRD MONITOR ROUTINE 
* 

* 

♦REGISTERS USED 

* 

♦R0 SCRfiTCH 
♦Rl SCR0TCH 
♦R2 SCR0TCH 
♦R2 NOT USED 
* 

♦SlBROUTIfCS USED 
* 

=H10V D0T0 TO DISPL0Y KFFER 
♦DISPLV DISPUW MESS0GE 0ND KEV BO0RD SC0N 
♦ 

* 

♦R0M MEMORY' USED 
* 

♦PWRON POHER ON FLfiG 

♦SSF SINGLE STEP FL06 

♦BPF BRE0K POINT FLRG 

♦BPL 8RE0K POINT LOC0TION 

* 

* 


INIT 

LODLR0 H'59' 

SET THE POWER ON FLAG 


STRflR0 PHRON 
LODLR0 H'46' 

TO POHER ON V0LUE H'5946' 


STRflR0 PM?(W+1 


EORZ R0 

GET 0 0 


STRR.R0 MEM 
STRaR0 NEM+l 

PRESET I®IFCT FDRESS m 


STRR,R0 ♦MCW+1 

CLEAR BREAK POINT FLfffi 

i<o<i 

LOD0,R@ BF 

GET BREAK POINT FLAG 


KTR,EQ M(»6 

BREAK POINT NOT SET 


L0DR.R8 FD 

GET BREAK POINT DATA 


STRR. R0 m. 

CLEAR BREAK POINT 


COIfi..R0 m. 

CHECK DATA STORED CFRECTLV 


BC:TR,E0 M(»6 

BREAK POINT CLEARED OK 


L0DLR2 1 

BREAK POINT DIDN'T aEAR 


ZBRR ♦ERR 

GOTO ERROR 

Mwe 

EORZ R0 

GET A 0 


MRTE,R8 CTBVT 

CLEF CONTRd BVTE 


STRRR0 SSF 

CLEAR SINGLE STEP FLAG 

MW2 

LODLRl <HELLO-l GET 0DDRESS F HFLO MESS0GE 

Lffl)LR2 mLO-i 

MONl 

2BSR ♦MOV 

MOVE l€SS«2 TO DISBF 

MfflW 

EF2 R0 

SET FLM TO WAIT FF ENTRV 


7BSP. ♦DISPLV DISPL0V PESSfffiE 0® SCfW KE'.^OT® 

M0N2 

TMLR2 

CHECK COMMAND FLAG 


BCFR>E0 ERR2 

IF FLAG NOT SET ERROR 


fM>LR2 H'F' 

!«»( CCmW VALLl 
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TWIN flSSEieLER VER Z 8 INSTRUCTOR 58 PR01 li/1/78 PAGE ^ 

LINE ADDR OBJECT E SOURCE 


8225 1883 E607 


C0MI,R2 7 

MAX COf»«ND VALUE 

0226 1885 1910 


BCTR,QT ERR2 

ERRO? Ca)E VALl£ TO Lff?(l 

0227 1887 D2 


RRLR2 

MUTIPLV INDEX B¥ 2 

0228 1888 0E7Si4 


LOM,R0 CW),R2 

SET LP AN INDIRECT ADDRESS 

0229 188B CC17B 


STRA>R0 T 

TO THE FUNCTION WANTED 

0230 188E @E78fi5 


LODflR0 CFI)+1R2 

0231 1891 CC17E4 


STRB,R0 T+1 


0232 1894 1F97B 


BCTR,W< *T 

EJSCUTE A COfllAM) 

0233 

* 



0234 

* 



0235 1897 0702 

Ef?R2 

L(®LR3 2 

IN\m.ID COMmW) SEQimE 

0236 1899 051F 

ERRI 

LODI,Ri <ERROR-l GET ADDRESS OF Era?OR MESSAGE 

0237 189B 0684 


Lffl)LR2 >ERROR-l 

0238 189D BBFE 


ZBSR *MOV 

MOVE MESSAGE TO DISBLF 

0239 189F CF17D8 


STRA,R3 DISBlF+7 WRITE THE ERROR MJ«ER 

0240 18fi2 iB56 


KTR-m M0N4 

GO LOOK FOR NEW ODIflIfM) 

0241 

* 



8242 

*cmm ADDRESS TABLE 


0243 

♦ 



0244 18fi4 1C91 

cw 

AC(»I WCAS 

WRITE CASSETTE COIfIfM) 

0245 i8fl6 1D61 


ACON SCBP 

BI^F»< POINT COlWM) 

0246 18fl8 IBflC 


AOW KAS 

READ CASSETTE COlfPND 

8247 iSflfl IfiTE 


ACON REG 

REGISTER DISPLAY FM) M.TER COITOND 

0248 18flC 1^4 


AC(»I SSTEP 

SIMM STEP CO!WM> 

0249 18flE lfl0C 


ACON «.TER 

DISPLAY AM) ALTER l€l«)RY 

^ 18B0 1E59 


ICON GO 

GOTO COIflWfi) 

0251 1882 187fl 


ACW M0N4 

ENTR/NEXT KEY IS NOT C£»tW 

0252 

t 
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THIN flSSEfIBLES: VER 2. 0 INSTRUCTOR 58 PROM 11/1/78 


PfKE ^7 


LINE flC'DR OBJECT 

E SOURCE 


0254 


0255 

:4c 


0256 



0257 

^SINGLE STEP ROUTINES 


0258 

*THIS ROUTINE HRITTEN BV BBC 

0259 

t 


0260 

* PROCESSOR TRIWSFERS CONTROL TO USER PROGFJIM 

0261 

* 8FTER COHPUTIWS TIC fWMBER OF OPREQ'S TILL 

0262 

* THE NEKT INSTRUCTION FETCH. 

it* 

ucOj- 

0264 



8265 

^REGISTERS USED 


0266 

t 


0267 

.i^R0 THRU P3 SCRfiTCH 


0268 



0269 



0270 

^SUBROUTINES CALLED 


0271 

:4: 


0272 

♦RL8DR RESTORE L8ST ADDRESS REGISTER 

0271 

* 


0274 



0275 

LOCATIONS USED 


0276 

Jfc 


0277 

*L8DR LAST ADDRESS REGISTER 

0278 

*T1 TEMP REGISTER 


0279 

*TEfP TEfP REGISTER 


@280 

♦SCTCH SCRATCH REGISTER 

0281 

t 


0282 


0281 0000 

OVHD EQU 0 

ICfflTIVE rCIMBER OF OPRES'S 

0284 

* 


0285 

:4c 


0286 

♦CHECK IF NEXT SINGLE STEP IS IN MONITOR AREA 

@287 

* 


ms 1®4 0C17E8 

SSTEP LODR..R0 LADR 

GET MSB OF Lf»R 

@289 18B7 E41@ 

CaiLR0 H'lO' 

IS ffliDRESS LT H'lm' 

0290 1889 1808 

K:TR,LT SSTEPl 

GO SINGLE STEP 

0291 18BB E428 

C0MLR8 H'28' 

IS ADDRESS GT 0? EQ H''2000'' 

mz 18H) 9804 

BCFR,LT SSTEPl 

GO SINdE STEP 

0291 18BF 0709 

LMiLRl 9 

lEXT SlfCLE STEP ENTERS MONITO? 

0294 18C1 9BE8 

ZBRR *ERR 

GOTO ERROR 

0295 18C1 047F 

SSTEPl LM)LR0 127 

SET SINGLE STEP FLAG 

0296 18C5 CC17D0 

STRA.R0 SSF 

STORE IT 

0297 18C8 0420 

L(»LR0 H'20' 

SET THE INTERUPT INHIBIT 

0298 18C8 CC17F1 

STRR.R0 IFLG 

SAVE IN INTERIFT imiBIT FLAG 

0299 18CD 7508 

CPa. HC 

CLEfI' HITH CfKRV IF SET 

0100 18CF 0601 

SSTEP2 L0DLR2 1 

SET INDEX 

0101 18D1 0EF7E8 

LODaR0 *LRDR,R2 GET SECOND BVTE OF INSTRUCTION 

0102 1804 CCi7E7 

STRA,R0 n 

SAVE IT FOR LATER 

0101 18D7 0F97E8 

LMHIRI *1808 

GET l€XT INSTRUCTION 

0104 18D8 01 

LODZ R1 

SAVE INSTRLCTIdl IN R0 

0105 18DB 471C 

ANDI,R1 H'lC' 

EXTRfCT INSTRUCTIWI CLASS 

01^ 18DD 0500 

LODLRl (WI® 

SET OVERBAD 0PRE8 COWT 

0107 18DF 0605 

L0DLR2 5 

SHIFT OR MOVE COUNT 

0108 18E1 F420 

THLR0 H'-28' 

TEST FOR ODD OPCODE IN CLRSS4 
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THIN ASSEMBLER VER Z 9 INSTRUCTOR 58 PRGM 11/1/78 PAGE 0808 


LINEADDR OBJECT 

E SOURCE 



0309 18B 9F1902 


B)ff) CBRTB, R3 BRANCH TO CLASS PRiXESSOR 

0310 

* 



0311 

* aASS 5. MIXED IWIBER OF OPREQ'S. 

0312 

♦ 



0313 18E6 FA2F 

CL5B 

EDRR,R2 a5A 


0314 18E8 4707 


(TOI,R3 H'07' 

MASK TO OPCOC€ 

8315 18EA 0F7967 


LmR0 CL5TB,R3 GET NUffiER OF OPREQ'S FROM TABLE. 

0316 18ED Cl 


STRZ R1 


0317 




0318 

* HRITE OPREQ COUNT EXIT TO USER 

0319 

♦ 



0320 18EE 1F195E 

EXIT BCTdUN EXIT4 

GOTO USER 

0321 

* 



0322 

* RETURN FROM TEST BRANCH, IF BRfflCH TAKEN 

0323 

* 



8324 18F1 3F196F 

BRCH 

BSTA,tfl( RLADR 

RESTORE LAST ADDRESS REGISTER 

0325 18F4 0D17C6 

BRCm 

LODA,Rl TEMP 

GET OPfEQ COJNT B(XK (¥TER TEST BRANiCH 

0326 18F7 7508 


CPSL HC 

CLEAR PSL WC BIT 

0327 

* 



0328 

* ROUTINE TO AW) 2 OPREQ'S IF WIRECT APPLIES. 

0329 

♦ 



0330 18F9 0C17E7 

CIND 

L(»aR0 T3 

GET SECOND BVTE OF INSTRUCTION 

0331 la^C F488 


TMI,R0 H'80' 

TEST INDIRECT BIT 

0332 18FE 1806 


BCTR,0 PLS2 

SET, ADD 2 OPREQ'S 

0333 1900 1B6C 


BCTR,UN EXIT 

NOT SET, DO NOT ADD 

0334 




0335 

* aASS PROCESSOR TABLE. 

0336 

* 



0337 1902 

CBRTB 

EQU i 


0338 

* 



0339 1982 A501 

PLSl 

SlBLRl 1 

CLASS 0. 1 (XREQ 

0340 1904 1B68 


BCTR,UN EXIT 


0341 1906 A502 

PLS2 

SUBLRl 2 

CLfSS 1 2 (FREQ'S 

0342 1908 1B64 


BCTR,UN EXIT 


0343 190A R503 


SUBLRl 3 

CLASS 2. 3 OPREQ'S + INDIRECT 

0344 190C 1B6B 


BCTR,UN CIND 


0345 190E AW4 


SlffiLRl 4 

aASS 3. 4 OPREQ'S + INDIRECT 

0346 1910 1B67 


BCTR,uN am 


0347 1912 1872 


BCTR,EQ PLS2 

CLASS4 2 OPREQS IF OPiXDE ODD 

0348 1914 1B6C 


KTR,L« PLSl 

1 OPREQ IF OPC(»E E\€N 

0349 1916 C3 


STRZ R3 

CLASS 5. MIXED mm. OF OPI^Q'S 

0350 1917 53 

a5A 

RRR,R3 

SHIFT (FCODE TO LOW BVTE 

0351 1918 1B4C 


BCTR,UN a5B 

AND LOOK UP IN TABLE 

0352 191A 8501 


ADDLRl 1 

aASS 6. 2 OPREQ'S + I!® IF KmTH TAKIN 

8353 191C 6404 


IORI,R0 H'04' 

CONI^RT TO CLASS 7. 

0354 191E R503 


SUBLRl 3 

aASS 7. 3 OPREQ'S + I® IF BRf^lCH TAKEN 

0355 

* 



0356 

* CLASS 6 AND 7. 


0357 

* (TO 2 OPREQ'S IF I(®IRECT Af® BRWCH IS 

8358 

♦ 



0359 1920 C9D3 


STRR,R1 i^CHl+1 SAVE PRESENT fftfBER OF OPREQ'S IN TEMP 

0360 1922 D5FB 


HRTE,R1 OPRQCT 

flSO OUTPI-IT TO HfTOMfFE 

0361 1924 F440 


TMLR0 H'40' 

TEST m (AGISTER CLASS 

0362 1926 1804 


BCTR,0 a67B 

IF SO, DO NOT TEST FOR UfCOWITIONAL 

8363 1928 F403 


TMLR0 H'03' 

IS BRANCH UNCONDITIONAL 

0364 1921 184D 


KTR,0 CIND 

IF SO, DO f«}T TEST SimCH 


11-9 



THIN 

ASSEMBLER VER 2.0 INSTRUCTOR 50 ?m 11/1/78 PAGE 0809 

LINE 

f^DR 

OBJECT 

E SOJRCE 



0265 

192C 

F4E0 

CL67B 

TMLR0 

H'E0' TEST FOR BDR INST 

0256 

192E 

1802 


BCTR,0 

a67C IF SO, DO NOT REMOVE 'SUBROUTINE' i 

0267 

1920 

441^ 


ANDI,R0 

H'DF' REMOVE SUBROUTINE BIT FROM OPCODE. 

0268 

1922 

CC17C0 

a67C 

STRA,R0 

SCTCH STORE IN TEST AREA 

0269 

1925 

0E7951 

MVCODE 

LODA,R0 

BRCD,R2 ijET ROM C(»E 

0270 

1928 

CE77C0 


STRflR0 

SCTCaR2 STORE IN RAM 

0271 

1928 

FA78 


BDRR.R2 

MVCODE DO UNTILL fflJL HRS KEN MOVED. 

0272 



* 



0272 



♦SAVE 1 

LfffiiR 


0274 



* 



0275 

192D 

0C17E8 

SLADl 

LODflR0 

LADR GET LAST ADDRESS REG 

0276 

1940 

C8f£ 


STRR,R0 

♦RLADR+l SAVE IT 

0277 

1942 

0C17D 

SLAD2 

LOOaRB 

LADR+1 

0278 

1945 

C8AE 


STRR,R0 

♦RLADRl+1 

0279 

1947 

0417 


L(®LR0 

<SCTCH GET ffl)DRESS SCRATCH 

0280 

1949 

C8F2 


STRR,R@ 

♦SLADl+1 

0281 

194B 

04C0 


LODLR0 

>SCTCH 

0282 

194D 

CC9942 


STRA,R0 

♦SLAD2+1 

0282 

1950 

1B92 


BCTRAW 

♦EXIT2+1 DO TEST BRfflCH 

0284 



* 



@285 



♦THIS 

IS Ca)E FOR TEST BRWCH 

0286 



♦ 



0287 

1951 


BRCD 

EQU 

1-1 

0288 

1952 

18F1 


ACON 

BRCH ADDRESS FOR TEST BRANCH 

0289 

1954 

1F1957 


BCmUN 

EXIT2 RETIRN IF BRfBCH NOT TAKEN 

0290 



♦ 



0291 

L957 

2B16 

EXIT2 

BSTR,UN 

Kffl)R RESTORE LAST ADDRESS REG 

0292 

1959 

0D17C6 


LODdRl 

TEfP GET KREQ COWT 

0292 

195C 

7508 


CPSL 

WC CLEAR HITH CARRV 

0294 

195E 

D5FB 

EXIT4 

HRTE,R1 

0PR8CT SET THE CFREQ COUNTER 

0295 

I960 

20 


EORZ 

R8 aEK INTERUPT INHIBIT FLAG 

0296 

1961 

CC17F1 


STRR,R0 

IFLG SAVE IN INTERUPT INHIBIT FLAG 

0297 

1964 

1F1E59 

Exm 

BCTA..UN 

GO 

0298 



* 



0299 



♦ CLASS 5 OPREQ TABLE 

0400 



■+ 



0401 

1967 

FF 

CL5TB 

DATA 

OV!f>-l RETC 

0402 

1968 

FF 


DATA 

OVHD-1 RETE 

0402 

1969 

FD 


DATA 

OVHD-2 REDE 

0404 

196A 

FE 


DATA 

OVHD-2 C-P PSW 

0405 

1968 

F 


DATA 

OVHD-1 C«: 

0406 

196C 

FE 


DATA 

OVHD-2 TPai 

0407 

1960 

FD 


DATA 

OVHD-2 HRTE 

0408 

L96E 

FE 


DATA 

OVHD-2 TMI 

0409 



* 



0410 



♦FIADR 

RESTORE 

LAST ffl)DRESS REG 

0411 



* 



0412 

196F 

0C17EA 

RLADR 

LODaRO 

SLADR GET SAVED LADR 

0412 

1972 

C8CA 


STRaR0 

♦SLADl+1 

0414 

1974 

0C17EB 

RLf»Rl 

LmR8 

SLADR+1 

0415 

1977 

C8CA 


STRR,R8 

♦a.AD2+l 

0416 

1979 

17 


RETC.UN 


0417 



* 
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TMIH fSSEMBLER VER 2. 8 INSTRUCTOR 58 PROI 11/1/78 PflGE m8 

LINE (DDR OBJECT E SOURCE 


8419 

8428 

8421 

8422 

8423 

8424 

8425 

8426 

8427 

8428 

8429 
8438 

8431 

8432 

8433 

8434 

8435 

8436 

8437 

8438 

8439 
8448 

8441 

8442 

8443 

8444 

8445 

8446 

8447 

8448 

8449 
84% 

8451 

8452 

8453 

8454 

8455 197fi 8C17E8 

8456 197D 8D17E9 

8457 1988 7789 

8458 1982 8581 

8459 1984 8488 
8468 1986 447F 

8461 1988 7589 

8462 1988 E88F 

8463 198C 9C1858 

8464 198F EW 
84© 1991 %FR 

8466 1993 C8E6 

8467 1995 C9E7 

8468 1997 8C17CC 

8469 1998 CC97CD 
8478 199D EC97CD 
8471 1988 1884 


* 

* 

♦BRE8K POINT fM> SINGLE STEP RLW TIt€ CODE 
* 

♦ 

♦SINOf STEP 
* 

*HHEN ENTERED 8T SINGLE STEP. SINGLE STEP FL8G IS iXERRED 
♦8ND DISPLRV IS ' FDOR DD' 

* 

* 

♦WHEN ENTEf«> 8T BRE8K POINT fM) ffiERK! POINT IS SET fW M8TC1€S 
♦BRERK POINT REGISTER. THE DISPL8V IS '-8DDR DD' 

* 

♦ 

*i$QISTER USED 
* 

m 

* 

♦SUBROUTINE C8LLD 
♦ 

♦DLSLD PREPfffiE BltfJRV D8T8 FOR DISPLRV 
* 

* 

♦RRM feia?r' IBED 
* 

♦DISBUF DISPLRV BUFFER 

♦BPF BRE(=y< POINT FL86 

♦BPL BRERK POINT LOCATION 

♦BPD DRTR FOR H?EflK POINT LOCRTICW 

♦LRDR CCPV OF LAST (DDDRESS (AGISTER 

♦SSF SmE STEPFLRG 

* 

* 

BRKPT L0D8,R8L8DR GET L8ST ADDRESS REGISTER 
BRK3 L0Dfl.Rl Lf»R+l 

PPSL C+WC SET CflRF:V 8ND WITH Cffl?RY 
SUBLRl 1 DECREMENT LRST ADDRESS REG 

SUBLR0 8 SO CRN COMPARE TO BREAK POINT REGISTER 
(M>LReH‘'7F MASK OFF UNUSED BIT 

(ySL C+IC OEffl? CARRY fW WITH CARiRV 
BRK2 C0MR,R8 ♦BRKPT2+1 COMPARE WITH BPL 

BRKl BCFR^ESMON NO i^JMPARE 

COI«,Rl ♦0?KPT1+1 COMPARE WITH PfL+1 

BCFR..EQ ♦BRKl+1 NO COMPARE 
STRR..R8 ♦BRKPT+1 IF COMPARE UP DATE PC 

STRR.R1 *mm 

LODdRS BPD IF OflAPRE CLEAR BRE!« POINT 
STRR,R0 mi 

C0MR,R8^BPL ERRd CHECK OF DATA BITTEN 

BCTR.EQ05K8 WITH STa?ED OK 


8472 1982 8781 L0DLR3 1 BREAK POINT NOT CLEARED OK 

8473 1984 9BE8 2BRR ♦ERR 
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THIN ASSEMBLER VER Z 8 INSTRUCTOR 58 PRffll Il/ITB PAGE 8811 

LINE ffl)DR OBJECT E SOURCE 


84?4 19A6 E448 

8475 19R8 18^ 

8476 19AA 8488 

8477 19AC CC17CF 

8478 19AF 1F18B4 

8479 19B2 847F 
0488 19B4 C8F7 
0481 19B6 8419 
8482 19B8 C89A 
0483 19BA ®:i7CD 
0484 19BD 3B32 
0485 L9BF 0C17CE 
0486 19C2 3B36 
0487 19C4 

0488 19C7 IBIA 

0489 

0490 

0491 

0492 19C9 20 
0493 19CA CC17D0 
0494 19CD 08DE 
0495 19CF 1A61 
0496 

0497 19D1 0417 
0498 19D3 CC17D1 
0499 19D6 0C17E8 
0500 19D9 3B16 
0501 19DB a:i7E9 
0502 19DE 3B1A 
0503 19E0 0C97E8 
0504 19B 3B03 
0505 19E5 1F187A 
0506 
0507 
0508 

0509 19E8 BBF4 

0510 19EA CC17D7 

0511 19ED CD17D8 

0512 19F0 17 

0513 

0514 

8515 

0516 19F1 BBF4 

0517 19F3 CC17D2 

0518 19F6 CD17D3 

0519 19F9 17 

0520 

0521 

0522 

0523 19FA BBF4 
8524 19FC CC17D4 
0525 19FF CD17D5 
8526 1A02 0417 
0527 1A04 CC17D6 
0528 1A07 17 


BRK0 COMLROHW HALT INSTRIKTION OPCODE 

BCTR,EQ Bra<PT9 IF HALT DON'T DO HIDDEN SINGLE STEP 
LODLR0H'80' SET FLAG FOR HIDDEN SINGLE STEP 
BRKPT3 STRA,R0 BPF SET FLAG IN BREAK POINT 

BCTAiUN SSTEP EXECUTE OI€ USER INSTRUCTION 
BRKPT9 LODLR0 127 SET BREAK POINT FLAG 
STRR,R8 *Bra<PT3+l 

LIS)LR0H'19' DASH SVtm FOR BREAK POINT 
STRR,R0 *Bra<PT8+l SET TIC DASH SVMBCL IN DISBLF 
BRKPT2 LmR0 BPL GET BREAK POINT Fa)DRESS 
BSTR,UN BRKPT7 SET THE DISPLAV 
BRKPTl LODA,R0 BPL+1 
BSTR,W BRKPT6 

LODA,R0 *BPL GET INSTRUCTION OPCODE 
BCTR.UN a?KPT5 

* 

♦ENTRY POINT FOR SINa.E STEP 
* 

SGLSTP EORZ R0 GET A 0 

STRA, R8 SSF aEAR SINGLE STEP FLAG 
LODILRB ♦H?KPT3+1 CHECK BREAK POINT FLAG 
BCTR.N6 BRKPT9 DID A HIDDEN SII«LE STEP 

♦ DISPLAV THE BREAK POINT 

S(LST9 LODLR0 H'17' BLAM: SVieOL 

BRKPT8 STRA,R0 DISBUF SET DISPLAV BUFFER 

LODA.R0LADR GET ADDRESS 
BSTR..UN K?KPT7 SET THE DISPLAY 
LODA,R0 LADR+1 

BSTR,UN BRKPT6 SET THE DISPLAV 

LmR0 *LADR (CT INSTia.CTION DATA 

BRKPT5 BSTR, UN BRKPTl SET UP DISPLAV 
BCTfLUN M0N4 GOTO MONITOR 

♦ 

♦SET UP Disac 647 
♦ 

BRKPTl ZBSR ♦DISLSD CONVERT TO BIN FOR DISPLAV 
sm,m DISBlF+6 
STRA^Rl DISaf+7 
RETaWI 

♦ 

♦SET UP DISBUF 142 
♦ 

BRKPT7 269? ^019^ CONVERT BIN TO DISPLAY 

STRR,R0 DISBUF+1 
STRfLRl DISBUF+2 
RETC,UN 

♦ 

♦SETUP DISBUF 344 
♦ 

BRKPT6 ZBSR ♦DISLSD CONVERT BIN TO DISPLAV 
STRA,R0 DISBUF+3 STORE DATA 
STRA,R1 DISBUF+4 
L0DLR8 H'17' BLANK SVf®(L 
STRfbR0 DISBUF+5 
RETLWI 
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THIN ASSEMBLER VER 2.9 INSTRUCTOR 59 PROM 11/1,78 PAGE 9912 

LINEADDR OBJECT E SOURCE 


9539 

9531 

9532 

9533 

9534 

9535 

9536 

9537 

9538 

9539 
9549 

9541 

9542 

9543 

9544 

9545 

9546 

9547 

9548 

9549 
9559 

9551 

9552 

9553 

9554 

9555 

9556 

9557 

9558 
^59 
9569 

9561 

9562 

9563 

9564 1A98 9493 

9565 1A9A 1B92 

9566 

9567 

9568 

9569 1A9C 9491 
0570 1A9E caw 

9571 1A19 3F1B94 

9572 1A13 E687 

9573 1A15 9C187D 

9574 1A18 5B9E 

9575 lAlA C880 

9576 lAlC C981 

9577 lAlE 9E17DD 

9578 1A21 9717 

9579 1A23 CF17D8 
9589 1A26 1B95 

9581 

9582 

9583 


9584 1A28 K17DE 


* 

* 

♦DISPLAV AND ALTER PEMORV ROUTINE 
*PATCH MEIffiRV ROUTM 
* 

* 

♦REGISTERS USED 
* 

♦R8 Sa?ATCH 
♦R1 SCRATCH 
♦R2 SCRATQI 
♦R3 Sa?ATCH 
* 

♦SUKfOUTINES CflLED 
* 

♦GAD GET ADDRESS PARAMETER 
*iM> (£T Wem. PARfttCTER 
♦ROT ROTATE R8 1 NIBBLE LEFT 
♦BRKPT4 SETUP DISPLAY 6^17 

♦BRKPT6 SETUP DISPLAY 3«4 

♦BRKPT7 SETUP DISPLAY m 

♦ 

♦RAM MEMORY USED 
* 

♦tCM IM)IRECT ADDRESS ICMORY POINTER 
♦ALF fLTER FLAG = 1 F«? DISPLAY At® ftTER 

♦ 3 OR 5 FOR PATCH 

♦ 

♦ 

* 

♦ENTRY POINT FOR PATCH COMMAND 
* 

PTCH L0DLR8 3 SET ALFR FLAG TO PATCH 
BCTRAIN ALTER5 

* 

♦ENTRY POINT FOR DISflAY fLTER COttfWND 
.* 

ALTER LC»LR9 1 SET flTER FLAG TO ALTER 
ALTERS STRR,R8 ♦fLTERl+l STOI^ IN ALTF 

BSTflUN (M) DISPLAY flD= ftf® HAIT TILL DIGITS ENTERED 
C0MLR2H'87' ENTR/NXT? 

BCFA,Ee M0N2 NEH FUNCTION ABORT ALTER COMMM) 

BRNR,R3 ALTER4 NO fODRESS ENTERED CONTINUE FRCM LAST LOCATI(»l 
STRR,R0 ♦flTER4+l ICM+1 SAVE ADDRESS DATA 
STRItRl ♦ALl+1 

ALl L0DR,R2MEM GET DATA 

L0DLR3H'17'' BLANK 
STRaR3 DISBUF+7 CLEAR DISPLAY 

BCTR,WJ ILTER2 SET IP DISPLAY 

* 

♦t® ADDRESS CONTIWC FROM LAST ADDRESS 
♦ 

flTER4 L0DA,R8 1€M+1 GET AECPESS 
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PftGE 00O 


THIN flSSEfe-ER VER Z 8 INSTRUCTS? 58 FROM 11/1/78 P«iE 880 

LINEflODR OBJECT 

E SOURCE 



8585 lfi2B 8fiF2 


L0DR,R2 iflU+l MEM 

8586 

* 



8587 

*UPD6TE THE OISPLRV 


8588 

♦ 



8589 lfl20 2646 

flLTER2 

BSTftUN BRKPT6 

SET IF 6DDiSSS DI316V 

8598 lfl2F 82 


LODZ R2 

GET MSD 

8591 1628 2F19F1 


BSTftlW BRKPT7 

SET UP DISPL6V 

8592 

♦ 



8592 

* 



8594 1622 8C17EF 

BLTERl 

LODflR0 6LTF 

CHECK RLTER FL6G 

8595 1626 E481 


COMLR0 1 

P6TCH C0MM6ND 

8596 1628 1887 


BCTR,Ee RLTER8 

NOT P6TCH 

8597 1631 8417 


LODLR0 H'17' 

BL6NK CH6R 

0598 162C CC17D7 


STR6,R0 DISBUF+6 

0599 162F 1605 


BCTHLIN RLTER9 

P6TCH C0MM6ND 

8688 

t 



0^®l 1641 K37DD 

RLTER8 

LOD6,R0 ♦MEM 

(ET TIC CFTR 

8602 1644 B6E6 


ZBSR ♦BRKPT4 

SET UP DRT6 VRLLC DISPL6Y 

0602 1646 08EC 

ALTERS 

LODR,R0 *6LTER1+1 SET FL6G TO SIMLE BVTE D6T6 

^ 1648 BBFC 


ZBSR ♦QNP6 DISPL6V BUFFER 6ND H6IT FOR NEH ENTRV 

0605 1646 5B0C 


BRI«,R2 ffl.TER2 

NO D6T6 

0606 164C CC97DD 


STRaR0 *MEM 

CHIMSE D6T6 IN LCK6TI0N 

0607 164F EC97DD 


COMR,R@ ♦fEM 

CICCK D6TR STORD OK 

0608 1652 1804 


BCTR,E0 6LTER2 

D6T6 STORED OK 

0609 1654 0702 


L0DLR2 2 

RLTER OR P6TCH «ITE EK?(F 

0610 1656 9BE8 


Zm ♦ERR 

GOTO ERROR 

0611 

Nc 



0612 

♦EXIT FROI COMMffl® 


060 

* 



0614 1658 08D6 

6LTER2 LODR,R0 ♦6LTER1+1 EXIT FROM RLTER OR P6TCH 

0615 1656 E401 


COMLR0 1 

IS IT PRTCH 

0616 1R5C 9807 


BCFR,EQ 6LTER6 

IF VES T6KE THIS BR6NCH 

0617 165E E687 


CaiLR2 H'B?' 

IS IT RLTER hEXT KEY FUNCTIOFT? 

0618 1660 9C187D 

fl2 

KF6,Ee m2 

GO TO MONITW? NEW COMMRffi) 

0619 1662 1606 


BCTR^UN fLTER7 

GO IFD6TE TfC DISPL6Y 

0620 

* 



^21 

♦EXIT F^M P6TCH 


0622 




@622 1665 E60F 

flTER6 COML R2 H'OF' 

MRS L6ST KEY FLINC:TI(»I KEY 

0624 1667 19F8 


8CTR,GT ♦fl2+l 

M0N2 RWCTI* KEY HRS L6ST GO TO MONITOR: 

8625 1669 0405 


U®LR8 5 

RETURN ON SEC0F8) DIGIT FLfC 

0626 16ffi C8C7 


STRR,R0 ♦6LTER1+1 S6VE IN ffl.TF 

0627 166D CE17D8 


STR6,R2 DISBUF+7 SET DISPL6Y 

0628 

♦ 



0629 

♦INCREMENT INDIRECT 6DDRESS 

0620 




0621 1670 2FiC55 

6LTER7 BSTaUN M 

INCREMENT THE 6D0RESS 

0622 1672 1F162D 


BCTaUN (1TER2 


0622 




8624 

♦PREF6RE BIN D6TR FOR 

DISPLRY 

0625 




0626 1676 Cl 

DISLSI STRZ R1 

SRVE M.IMBER IN R0 

0627 1677 44F0 


6f«>LR8 H'Fr 

MRSK FOR MSD 

0628 1679 450F 


6NDI,R1 H'0F' 

MfKK FOR LSD 

0629 1676 BBF6 


ZBSR ♦ROT 

R0T6TE 6 NIBBLE 

0640 167D 17 


RETC,l#l 
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THIN fCSEMBLER VER 2.0 INSTRUCTOR 50 PRGH 11/1<78 


PAGE 0014 


Life flDDR (®JECT E SOURCE 


0642 

0642 

0644 

0645 

0646 

0647 

0648 

0649 

Bern 

0651 

0652 

0652 

0654 

0655 

0656 

0657 

0658 

0659 

0660 

0661 

0662 

0662 

0664 

0665 

0666 

0667 

0668 

0669 

0670 

0671 

06?2 

0672 

0674 

0675 

0676 

0677 

0678 

0679 

0680 

0681 

0682 IflTE 051F 
0682 lfi80 dm 
0684 lfl82 BBFE 
0685 lfl84 20 
0686 lfi85 BBEC 
0687 

0688 lfl87 F480 
0689 lfl89 1882 
0690 1888 E489 
0691 lfi8D lElflC2 
0692 1890 E408 
0692 1892 1C1F22 
0694 1895 E40C 
0695 1897 1807 
0696 1899 E40F 


* 


* 

♦DISPLAY 8ffl> ALTER REGISTERS COIflAND 
♦ 

♦TfC DISPLAY Affl) flTER REGISTERS COTI8ND 8LL!»5 

♦THE USER TO EfWINE Rf® ffl-TER R0, Rl, R2, R2.. Rl'.. 82", R2^ PSll PSL PC 

* 

♦THIS COMHAND flSO PRO'/IDES ENTRY POINT TO fiLTERHATE FUNCTIONS 

♦REG 9 NOT DEFINED 

♦REG 8 ADJUST CASSEHE COMMAND 

♦REG 8 NOT DEFINED 

♦REG D NOT ECFINED 

♦REG E NOT DEFINED 

♦REG F ENTER THE FAST PATCH MMt 

♦ 

♦REGISTERS USED 
* 

m SCRATCH 
♦Rl SCRATCH 
♦R2 SCRATCH 
♦R2 SCRATCH 
♦ 

♦SU8R0UTINES CALLED 
♦ 

♦MOV MOVE DATA TO DIS8UF 

♦GNP GET f«J1ERIC PARAMETERS 

♦ROT ROTATE A NI88LE 

♦GNPA DISPLAY AND GET NUMERIC PARAMETERS 

♦K?KPT4 SET DISPLAY 6«7 

♦SCBP2 SET DISPLAY 4«5 

♦ 

♦RAM MEMORY USED 
♦ 

♦DISBUF DISPLAY BltfTER 

♦IJ?EG USER REGISTERS 
♦L«>R LAST ADDRESS REGISTER PC COUNTER 
♦T2 TEfP REGISTER 
♦ 


REG LODLRl <REQ-1 GET ADDRESS OF R= DISPLAY 
L0DLR2 >REQ-1 

Z89? ♦MOV IWE DATA TO DISBLf 

EORZ R0 SET FLAG TO RETURN AFTER KEY PRESSED 

Z8SR ♦DISPLV 


TMI,R0 

8CTR,EQ 

COMI;R0 

BCTAAT 

C(»1LR0 

8CTA.EQ 

COMLR0 

BCTR,Ee 

COMLR0 


H^80' SEE IF FUNCTION 

♦REG14+1 N0N2 GOTO MiJNITOR 

9 CfECK THE COMIffiND 

REG2 DISPLAY AND ALTER REGISTERS R0 THRU PSL 

H'0A' IS IT ADJUST CASSETTE COMMAND 

TCAS TEST CASSEHE 

H'0C' IS IT DISPLAY AND ALTER PC 

RE62 DISPLAY AND ALTER PC 

H'0F' IS IT THE PATCH COMMAND 
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THIN flSSEfBLER VER Z 0 INSTRUCTOR 58 PR(31 li/1/78 


PflGE 0815 


LINE FIDDR OBJECT E SOURCE 


0697 lfi9B 1C1R08 
0698 lfi9E iB5E 
0699 
07 ^ 

0701 

0782 IflflO 051F 
0703 lflfi2 06ftC 
0704 IflfW BBFE 
0705 lflfl6 088E 
0706 IflflS BBEfl 
0707 iflflfl 0C17E8 
0708 Ifif® 3FlD8fl 
0709 lflB0 20 
0710 IflBl BBFC 
0711 iflB3 5B05 
0712 IflBS CC17E9 
0713 lflB8 C9F1 
0714 IflBR E687 
0715 IflBC 9Ci87D 
0716 IflBF IFlflTE 
0717 
0718 
0719 

0720 lflC2 CC17E6 
0721 lflC5 C3 
0722 lflC6 0510 
0723 lflC8 E707 
0724 IflCfl ifl0R 
0725 IfKC 1904 
0726 IflCE 0412 
0727 iflD0 1B06 
0728 

0729 lflD2 0411 
0730 lflD4 iB02 
0731 

0732 iflD6 0513 
0733 iflD8 CD17D3 
0734 IflDB CCi7D4 
0735 IflDE 0F77F2 
0736 IflEl BBEfl 
8737 ifO 0401 
0738 lftE5 BBFC 
0739 iflE7 5B0C 
0740 lflE9 0BD8 
0741 IflEB CF77F2 
8742 IflEE E708 
0743 lflF0 9803 
0744 lflF2 CC17FC 
0745 IflFS E68r 
0746 iflF7 98C4 
0747 lflF9 03 
0748 IftFfl D800 
0749 IflFC E408 
0750 IfiFE 9DlflC2 
0751 1B01 20 
0752 1B82 IBFB 


KTfl,EQ PTCH DO TI€ PATCH COIHfM) 

BCTR,I^ P£G NOT DEFINED TRV ft(»IN 

* 

♦DISPLAY AND ALTER PROGRAM COUNTER 
* 

REG3 LODLRl CPCEQ-l GET ADDRESS OF PC EQUALS DISPLAY 
L0DLR2 >PCEQ-1 

ZBSR ♦MOV HOVE DATA TO DISBUF 
L(M,R8 *REG4+1 GET CURRENT PC ACWESS 
ZBSR ♦BRKPT4 SET UP DISPLAY 
REGil LOOA,R0 LADR GET MSB OF CURRENT PC 
BSTR.UN SCBP2 SET IP DISPLfW 
EORZ R0 SET FLAG TO DOUBLE BYTE 

ZBSR *GNPfl DISPLAY «)DRESS FWD miT FO? ENT^/r 
BRNR..R3REG5 DON'T CHANGE DATA 
REG4 STRA,R0 LADR+l UP DATE THE PC SAVE LSB 
STRR,R1 *REGil+i SAVE MSB OF PC 
REG5 C(»1LR2 H''87' ENTR/NXT TERMimTICW 

REG14 KFREQ M0N2 IF NOT l€H FUNCTION EXIT 
BCTRUN REG GO ASK FOR NEW REGISTER 

♦ 

♦DISPLAY AND ALTER REGISTERS 
♦ 

REG2 STRA,R0 T2 SAVE IT 

STRZ R3 SAVE R0 TO USE AS INDEX 

LODLRl H'i8' P CHAR 

C0MLR3 7 ISITPSU 

BCTR,LTREG8 NOT PSU PSL 

BCTR,GTREG10 NOT PSU 

LODLR0H'12' CHARU 

BCTRUN REG12 GO DISPLAY 

♦ 

REGi0 LODLR0 H'll' CHIP L 

BCTR,UN REGi2 GO DISPLAY 

♦ 

REG8 La>LRi H'O" CI«R R 

REG12 STRRRl DISBUF+2 SET DISPLAY RN= 

REG9 STRRRO DIS81P+3 SET UP DISPLAY 

LODfl,R0 URERR3 GET REGISTER CONTENT 
ZBSR ♦BRKPT4 SET IP DISPLAY 
L0DLR8 1 SET FLAG TO SINGLE BYTE 

ZBSR ♦QNPfl DISPLAY REG CONTENT AND WAIT FOR ENTRY 
BRNR R3 REG7 NO DATA TERMINATE 

REG6 L0DR,R3 ♦REG2+1 GET THE INDEX VALUE 

STRA,R0 IPEG,R3 PUT NEW VfllE IN REGISTER 
C0MI,R3 8 IS IT PSL? 

BCFREQ REG7 Ct€CK TERMINATION 
STRA,R0 UREG+10 SAVE FOR RESTORE OF PSL 
REG7 C0HLR2 H'87' CHECK TERMINATION 

BCFR,EQ ♦REQi4+l M0N2 NEW FUNCTION 
LODZ R3 INCREMENT INDEX VALUE 

BIRR,R0 1+2 IfCREICNT REGISTER COIM 

C0MLR8 8 ROLL OVER? 

REG13 BCFfl;GTREG2 NO UP DATE DISPLAY 

EORZ R0 (ST A 0 GO TO R0 

BCTR,UN ♦REGi3+l IPDATE DISPLAY 
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TWIN fiSSENBLER VER Z 8 INSTRUCTOR 58 PRGH 11/1/78 PAGE 8816 

LINE flOOR OBJECT E SOlftCE 


8754 

8755 

8756 

8757 

8758 

8759 
8768 

8761 

8762 
8762 

8764 

8765 

8766 

8767 

8768 

8769 
8778 

8771 

8772 
8772 

8774 

8775 

8776 

8777 

8778 

8779 
8788 

8781 

8782 
8782 

8784 

8785 
dm 

8787 

8788 

8789 
8798 

8791 

8792 
8792 

8794 

8795 

8796 

8797 

8798 

8799 


8885 

0886 

0807 


* 

♦ 

♦GET NUHERIC PflRflICTERS 
♦ 

♦ 

♦THIS ROUTIfC GETS EITHER 2 OR 4 DIGIT NiMRIC PfiRflHETERS 
♦ 

♦IW>UT PflRfiMETERS 
♦ 

♦R0 CONTAINS INPUT PARAMETER 
♦ 

♦BIT8 = 8 DOl«LE BVTE 

♦BIT8 = 1 SIWIE BVTE DATA TO BE RETURNH) 

♦BITl = 0 REQUIRES FUfCTION KEV DEPRESSION TO EJ^IT 

♦BITl = 1 ll£N SET WITH BITS EXIT IS AFTER ENTRY OF THIRD DIGIT 

♦ OF SINGLE BYTE DATA 

♦BIT2 = 1 Hei SET WITH BIT0 EXIT IS AFTER SECOND DIGIT 

♦ OF SINGLE BVTE DATA 

♦ 

♦SINGLE BVTE DATA USES DISPLAY BUFFER 5 THRU 7 
♦DOUBLE BVTE DATA USES DISPLAY BUFFER 4 THRU 7 
♦OTHER DIGITS OF DISBIF fWST BE INITIALIZED ON ENTRY 

♦ 

♦RETLRNS I«€N FUNCTIW KEV DEPRESSED 
♦ 

♦OUTPUT PARfflCTERS 
♦ 

♦R0 = LSB (F DOUBLE BYTE DATA ffl? SIIffiLE B'Ylt DATA 

♦Rl = MSB OF DOUBLE BVTE DATA OR 8 FOR SINGLE BVTE DATA 

♦R2 = FUNCTION KEV PRESSED CODE 

♦R2 = 8 DATA RETUraCD IN R0<LSB), RKMSB) 

♦R2 = NOT 8 NO DATA RETURNED R0..R1 = 8 
♦ 

♦REGISTERS USED 
♦ 

♦R0 SCRATCH 
♦Rl SCRATCH 
♦R2 SCRATCH 
♦R2 SCRATCH 
* 

♦SUBROUTINES CALLED 
♦ 

♦DISPLV DISPLAY AND READ KEV BOARD 

♦CLR BLANK DIGIT DISPLAY 
♦ 

♦RAM MEMORY USED 
* 

♦T1 SA\€ BITRV FLm 
♦DISPLV 4 TI«U 7 
♦ 

♦ 

♦ 

♦DISPLAY AD= fM> GET DATA 
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THIN flSSEfaiR VER 2.6 IM5TRUCTCK 50 PROM 11/^5^ Pf«l @017 

LINE flDDR OBJECT E SOURCE 


0800 

0810 1804 051F 
0811 1806 068C 
0812 1808 BBFE 
0813 1B0R 20 
0814 1808 1B2E 
0815 
0816 
@817 

0818 1B0D 0517 

0819 1B8F F401 

^20 1811 1803 

^21 1813 CD17D5 

0822 1816 CD17D6 

0823 1819 CD17D7 

^24 IBIC CD17D8 

0825 IBIF 17 

0826 

0827 

0828 

0829 

0830 1820 C8fi6 
0831 1822 0480 
^32 1824 BBEC 
^33 1826 Bm 
0834 18^ F680 
0835 lB2fl 9809 
0836 1B2C E687 
0837 1B2E 1802 
^38 1830 3858 
^39 1832 1F1B74 
0840 1835 F484 
0841 1837 3854 
0842 1839 ie@C 
0843 
0844 
0845 

0846 1838 C888 
0847 1B3D 3B4E 
0848 1B3F 0480 
0849 1B41 BBEC 
0850 1B43 F680 
0851 1845 182D 
0852 
0853 
0854 

0855 1647 0C17E5 
0856 1848 F483 
0857 1B4C 1826 
0858 1B4E F425 
0859 1B50 1822 
0860 1852 F401 
0861 1854 180B 
0862 1856 001706 
0863 1859 C017D5 
0864 1B5C 001707 


(» LODLRl <ffl^-l GET 8DDRESS ff f»= DlSPdV 
L00LR2 >ffl>R-l 

2BSR mVE D8T8 TO OISBIF 

E£»;Z R0 SET FL8G TO DOIBLE BYTE D8T8 

BCTR, LW WI ffiT TIE 800RESS 08T8 

♦ 

♦THIS ROUTINE CLEfiRS DIGIT DISPL8Y 
* 

CLR UX)LR1H'17' BUM SVt®(l 
TNLR0 1 SINGLE BYTE? 

BCTR,E0CLR1 01€ BYTE 08T8 
STRaRlDI^+4 INITI8LIS OISPLR'Y TO BLWIK 

aRl STPARl DISBUF+5 GET I€RE FM? CM BYTE D8T8 * 
STR8..R1 DIS8UF+6 
STR8,R1 DISBUF+7 
RETCAIN 

* 

♦THIS ENTRY POINT flLOHS 0ISPL8Y OF 08T8 IN 0ISPL8Y 
♦REFER 4 THRU 7 
* 

GNP8I STRR,R0 ♦GNP12+1 S8VE WUT FL8G IN T1 

LODLROH'SO' TURN ON DECII18L POINT FOR ENTRY 
2BSR ♦DISPLV DISPLAY MESSAGE mO RE® KEY BOfEO 
LODR,R@ ♦G^P12+l GET INPUT PARAICTER 
TMI,R2 Wm' FIJCTION KEY? 

BCfR.. E0 &Pi2 FIRST CHAR IS CCSWINO TEFtllNATE 
C0MLR2 H'ST' ENTR/NKT? 

BCTR,EQ 1+4 

BSTRAN CLR CLEAR DISPLAY 

BCmWl GNP4 

W13 TMLR0 4 PATCH COMMA® RETURN SECOND DIGIT? 

BSTR.NGCLR CLEAR DISPLAY 

eCTR,UN (M12 

* 

♦THIS BffRV POINT CLEARS DISPLAY A® WAITS FOR ENTRY 
* 

G®I STRR..R0 ♦I3NF12+1 SAVE INPUT FLAG IN Ti 

GNPil BSTRANCLR CLE^ DISPLA'i' 

G®2 LOOLR0 H''80' TURN ON DECIMAL POINT FOR ENTRY 
2BSR ♦DISPLY DISPLAY MESSAGE A® READ KEY BOffl' 

GNP5 TML R2 H'SO' FIMTION KEY PRESSED? 

BCTR..E0 G®'4 GO TERMINATE 

* 

♦MOVE DISPLAY 1 DIGIT LEFT 
* 

G®12 LCC)A..R0 Tl GET WUT PARAMETER 

TMI,R0 H'S3' THIRD DIGIT ♦EXIT ON THI® ENTRY+SINGLE BYTE 
KTR^EQ G®4 GO TERMI®TE 

TMLR0 H'-25' 2ND DIGIT^EXIT ON 2® DIGIT+SINGLE BYTE 
BCTR,EQ G®4 ijO TERJ1IHATE 

TMLR0 1 SINGLE BYTE DATA? 

BCTR,EeG®3 0®Y THO DIGITS 

aNl LmRl DISBir+5 ET digit 

GN2 STRaRl DISBUF+4 SHIFT IT 

GIC L0DA..R1 DISeUF+6 GET DIGIT 
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TWIN 

fBSEHBLER VER 2.8 

INSTRUCTOR 58 Pm 11/1/78 0018 

LINE 

flOOR 

06JECT 

E SOURCE 



0865 

1B5F 

C9F6 


STRR,R1 

*(M+1 

SHIFT IT 

8866 

1B61 

0>i7D8 

GNP2 

L0WI,R1 

DISBlF+7 (£T DIGIT 

0867 

1864 

ca7 


STRR,R1 

=H3N2+1 

SHIFT IT 

0868 

1666 

C8F8 


STRR,R2 

*aP2+l ENTER NEW DIGIT 

0869 

1868 

08DE 


LmR0 

♦GNP12+1 GET INPUT P8R8METER 

0870 

1868 

7508 


CPSL 

WC 

aE8R WITH CfPRV 

0871 

1B6C 

8440 


8DDI,R0 

H''48' 

SET BEEN HERE ONCE FL8G 

0872 

186E 

6420 


IORLR0 

H'ZO' 

SET SECOND DIGIT FL8G 

0872 

1870 

C806 


STRR,R0 

*fflP12+l RESTORE THE FLffi 

^74 

1872 

1848 


BCTR,UN 

GNP2 

GET NEXT ENTRV 

®75 



* 




0876 



IP D8TR TO K RETIPNED 

0877 



* 




0878 

1674 

26 

(»P4 

E0R2 

R0 

GET 8 0 

0879 

1875 

Cl 


STR2 

R1 

CLEffl? R1 D8TR 

0880 

1876 

C2 


STRZ 

R2 

CLE8R R2 

0881 

1877 

08CF 


LmR0 

*W12+1 (£T IIPUT P8R8I€TER 

^2 

1879 

F401 


TMLR0 

1 

CHECK FOR SINGLE BVTE 

0882 

1678 

1812 


BCTR^EQ 

®P7 

IF E0 (M.V 1 DIGIT 

0884 

1B7D 

K9858 


LODftRO 

■M3N2+1 

DISBlF+4 GET USD lT MSB 

0885 

1680 

E410 


COMLR0 

H'lO' 

SEE IF I€X DIGIT 

0886 

1682 

9802 


KR^LT 

W6 

IF NOT SKIP TO I€XT DIGIT 

0887 

1884 

261F 


BSTItUN 

ROTI 

R0T8TE NIKLE 

0888 

1886 

Cl 


STRZ 

R1 

Sff/E IN R1 

0889 

1887 

88CE 

GNP6 

LODR,R0 

*QN1+1 

DISBIP+5 GET LSD OF MSB 

0890 

1889 

E410 


COf1LR0 

H'lO' 

SEE IF 1€X DIGIT 

0891 

1886 

9fm 


BCFR,LT 

W7 

IF NOT SK;IP to MEXT DIGIT 

0892 

1B8D 

61 


lORZ 

R1 

INCLUSIVE OR MSD 8f® LSD M^ 

@892 

168E 

Cl 


STRZ 

R1 

S8VE IN R1 

0894 

18^ 

08CC 

6NP7 

LODR,R0 

*ac+i 

DISKF+6 GET MSD EF LSB 

^5 

1891 

E410 


COWLR0 

H'i0' 

SEE IF HEX DIGIT 

0896 

1892 

9802 


BCFRAT 

GNP8 

IF NOT SKIP TO NEXT DIGIT 

0897 

1895 

26« 


BSTR.UN 

ROTI 

ROTRTE TI€ NIBBLE 

0898 

1697 

C2 


STRZ 

R2 

S8VE IN R2 

0899 

1698 

08C8 


L(mR8 

*aP2+l DISeLF+7 GET LSD (F LSB 

0900 

1698 

E418 


COI1LR0 


SEE IF HEX DIGIT 

0901 

1B9C 

9804 


BCFRAT 

GIP9 

IF NOT RETURN 

0902 

1B9E 

62 


lORZ 

R2 

INCLUSIVE OR MSD WITH LSD OF LSi 

0902 

169F 

0700 


L0DLR2 

0 SET D8TR IN Re..Rl FL8!3 

0^4 

1681 

17 


RETaUN 



0905 

1682 

07:^ 


L0DLR2 

127 

NO DRT8 

0906 

1684 

17 


RETC.UN 



0907 



* 




0908 



•+THIS ROUTINE R0T8TES 8 NIBBLE 4 BITS LEFT 

0909 



* 




0910 

1885 

7508 

ROTI 

CPSL 

WC 

CLE8R WITH CRRFlV 

0911 

1687 

D0 


RRLR0 



0912 

1688 

D0 


RRL..R0 



0912 

16fe 

D0 


i«LR0 



0914 

1^ 

D0 


RRL.R0 



0915 

1888 

17 


RETC,UN 
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PAGE 8019 


LINE ADDR OBJECT E SOURCE 


8917 

0918 

0919 

8920 

0921 


Me 

Me 

*READ CASSEHE CCW1AND 
* 


0922 

0923 

0924 

0925 

0926 

0927 


* 


* 

*THIS IS TI€ m {®.JECT LOADER 
*■ 

*THIS ROUTINE REQUESTS A FILE ID AND THEN LORDS 2658 HEK (BJECT mDULES 
♦INTO MEMORV 


0928 

0929 

0930 

0931 

0932 

0933 

8934 

0935 

0936 

0937 

0938 

0939 

0940 

0941 

0942 IBAC 051F 
0943 IBAE 06B4 
0944 1BB8 BBFE 
0945 1BB2 0481 
0946 1BB4 BBFR 
0947 1BB6 i80A 
0948 1BB8 E687 
0949 IBBR 988C 
0950 IBBC 047F 
8951 IBBE C8A4 
0952 iBC0 1B24 
0953 
0954 
0955 
0956 

0957 1BC2 CC17E0 
0958 1BC5 E687 
8959 iBC7 9C187D 
@960 IBCR 20 
0961 IBCB C897 
0962 IBCD 75FD 
0963 IBCF BBEE 
0964 IBDl E416 
0965 iBD3 987A 
0966 1BD5 3F1C28 
0967 IBDS E9E9 
0968 IBDA 1805 
0969 IBDC 20 
0970 IBDD C885 
0971 IBDF iB05 


♦ 

♦REGISTERS USED 
* 

♦ALL 

* 


♦g.8ROUTiNES CfflJ-ED 


♦IN CASSEHE INPUT ROUTINE 
♦MOV MOVE DATA TO DISIRV BIFFER 
♦Off GET NUMERIC PARAMETERS 
♦ 


♦ 

♦ 


RCAS LODI, R1 <FEQ-1 GET ADDRESS OF F= DISPLAV 
LK)I,R2 >FEQ-1 

2BSR ♦MOV MOVE DATA TO DISBLF 
LODI,R0 1 SET FLAG FOR SINGLE BVTE 

ZBSR ♦GNF' GET THE FILE ID 

BCTR,EQ RCASl FILE ID SPECIFIED 

i33MI,R2 H'87'' ENTR/NXT KEV? 

BCFR,EQ ♦RCRS4+1 GODO NEW FUfCTION 

LODI,R0 127 SET FILE ID FLAG TO FILE ID FOUND 
STRR,R0 ♦RCAS5+1 STORE IN FILE ID FLAG 
BCTR,UN LOT) 

* 

♦ 


♦FILE ID SPECIFIED 
♦ 


RCASl 


RCRS4 


RCAS2 


STRR,R0 

C0MI,R2 

BCFR,EQ 

E0R2 

STRR,R8 

CPSL 

ZBSR 

COMI,R0 

BCFR,EQ 

BSTaUN 

cmRi 

BCTR, E8 

E0R2 

STRR,R0 


FID+i SAVE FILE ID 

H'B7' ENTR/NXT KEV? 

M0N2 GO DO NEW FUNCTION 

R0 SET FILE ID TO ID NOT FaW 

♦RCAS5.+1 STORE IN FILE ID FLAG 

H'FD' HEAR PSL 

♦IN LOOK FOR BEGINNING OF FILE 

H'16' BEGINNING OF FILE CHAR? 

RCAS2 LOOP TILL FIND BEGIN OF FILE 
BIN (2T THE FILE ID 

♦RCASl+1 CHECK FILE ID FOR MATCH 
RCAS3 FOUND A MATCH 

R0 GET A 0 

♦RCAS5+i NO MATCH SAVE IN FID FLAG 


BCTR, UN LOAD 
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THIN ASSEMBLER VER 2.0 INSTRLCTOR 58 PRGM 11/1/78 


LINE ADDR OBJECT E SOURCE 


0972 IBEl 047F 

RCAS3 

LODLR@ 127 

SET FLAG TO FILE IS HATCH 

0973 1BE3 CC17DF 

RCAS5 

STRaR0 

FID 

FILE ID FOI.IND 

0974 1BE6 75FD 

LOAD 

CPSL 

HTD- 

CLEAR PSL 

0975 1BE8 BBEE 


2BSR 

♦IN 

GET A CmR 

0976 IKA E43A 


COm..R0 

A';" 

START OF LINE CHAR:? 

0977 IBEC 9878 


BCFR.EQ 

LiDAD 

LW TILL FIND' STARlT FO RECORD 

0978 IBEE 20 


Emz 

R0 

GET A 0 

0979 IBEF CC17E1 


STRA..R0 

BCC 

PRESET BCC 

0980 1BF2 2B24 


BSTR.UN 

BIN 

INPUT A BVTE OF DATA 

0981 1BF4 CD17DD 


STRaRl 

MEM HI ADDR 

0982 1BF7 2B2F 


BSTRUN 

BIN INPUT A BVTE OF DATA 

0983 1BF9 CD17DE 


STRA.R1 

MEM+1 LO ADDR 

0984 IBFC 3B2A 


BSTRUN 

BIN WUT A BVTE OF DATA 

0985 IBFE 01 


LODZ 

R1 


0986 IBFF 1C1C42 


BCTR..EQ 

im-L 

GO T8 START OF PROGRAM IF BVTE COHIT 0 

0987 1C02 C3 


STRZ 

R3 

SAVE BVTE OT-WT 

0988 1C03 08DF 


LODRR0 

♦L0ffl>-2 GET FILE ID FLAG 

0989 1C05 185F 


BCTREQ 

LOf® 

FILE ID NOT FOi-W SKIP TO END OF FILE 

0990 1C07 3B1F 


BSTR,IW 

BIN IfffUT A BVTE OF DATA 

0991 1C09 1804 


BCTREQ 

BLffli 

BCC OK READ THE RECORD 

0992 1C0B 0704 

BLOAl 

La>LR3 

4 

BCC ERROR 

0993 1C0D 9BE8 


ZBRR 

♦ERR 

GOTO ERROR 

0994 1C0F 3B17 

BLOA 

BSTRUN 

BIN INPUT A BVTE OF DATA 

0995 ICU CD97M> 


STRA^Rl 

♦tCM STORE MTA IN MEMORV 

0996 1C14 E097DD 


C£»1A,R1 

♦HEM 

DO THE ERROR CHECK 

0997 1C17 1804 


BCTREQ 

BL0R2 

DATA STORED OK 

0998 1C19 0705 


L0DLR3 

5 

READ CASSETTE TEHOR't' tSlTE ERROR 

0999 ICIB 9BE8 


^R 

♦ERR 

GOTO ERROR 

1000 ICID 3B36 

BL0A2 

BSTR.IW 

INK INCREMENT POINTER MEM 

1001 ICIF FB6E 


BDRR,R3 

BLOA LOOP TILL DONE 

1002 1C21 3B05 


BSTRUN 

BIN INPUT A BVTE OF DATA 

1003 1C23 9866 


BCFREQ 

BLOAl BCC ERROR 

1004 1C25 1F1BE6 


BCTRWi 

LEWD 


1005 

* 




1006 

* IttfVr A PAIR 

OF m ASCII CHAR 

1087 

♦CONVERT TO BINARV 


1008 

♦OUTPUT IS IN R1 


1009 

♦CALCllATE KC 

ON DATA 

1010 

* 




1011 1C28 BBEE 

BIN 

ZBSR 

♦IN INPUT A CHAR 

1012 1C2A 7509 


CPSL 

C+WC 

CLEAR CARRV AND WITH CARRV 

1013 1C2C 3B36 

BINl 

BSTR.W 

AH03 

LOOK UP VALUE 

1014 1C2E 02 


LODZ 

R2 

PUT VfLUE IN R0 

1015 1C2F ^F6 


ZBSR 

♦ROT 

ROTATE VALLE 

1016 iC31 Cl 


STRZ 

R1 

Sff/E VALUE IN R1 

1017 1C32 BBEE 


ZBSR 

♦IN 

(ST A CHAR 

1018 1C34 7509 


CPSL 

C+IC 

CLEAR CARR:V fW WITH CARRV 

1019 1C36 3B2C 


BSTRUN 

AH03 

LOOK UP VflUE 

1020 1C38 01 


LODZ 

R1 

GET SAVED VALUE 

1021 1C39 62 


lORZ 

R2 

MAKE THE BINARV BVTE 

1022 

* 




1023 

♦CfLCLiATE m 



1024 

* 




1825 1C3R Cl 

CBCC 

STRZ 

R1 

SAVE 

1826 1C3B 2C17E1 


EORR.R0 

BCC 

m WITH CURRENT BCC 

1027 1C3E D0 


RRL.R8 


ROTATE LEFT 
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pflGE mi 


THIN ASSEMBLER VER 2.8 IMSTSWCTCH? 58 ?m Wi/7B PflGE 8^1 

LINEflDDR OBJECT 

E m«!CE 


1028 iC2F C8FB 


STRR,R0 *C6CC+2 IH>ATE THE BCC 

1829 1C41 17 


RETC,UN 

1020 



1021 



1022 

^FINISHED REflDIMG FILE 

1822 



1024 iC42 0C17DF 

LOflDl 

LODA,R0 FID CHECK FILE ID FLAG FO? FILE ID FOJ® 

1025 iC45 ICIBCF 


BCTA, E8 RCAS2 NO LOOK FOR START OF NEXT FILE 

1026 1C48 088F 


LODR.R0 *IH<2+1 GET VALUE FROI MEM PLACE STfST ffi)DRESS : 

1027 lC4fl CC17E8 


STRaR0 LADR 

1028 iC4D 0887 


LODR.R0 *IH(+1 GET VALIE FR®! ^EM+i 

1029 1C4F CC17E9 


STRdRO LADR+l 

1040 1C52 1F1874 


BCTR,UNM0N2 ®) TO THE t«)NITOR 

1841 



1042 

*IfCJ€teiT M)DRESS ffll 

1042 

* 


1044 1C55 0C17DE 

INK 

LODA,R0 MEM+1 GET ADDRESS 

1045 1C58 0E17DD 

INK2 

LmR2 MEM 

1046 1C5B D802 


BIRR.R0 INKl INCREMENT IT 

1047 1C5D Dfl^ 


BIRR,R2 INKl 

1048 1C5F C8F5 

INKl 

STRR.R@ *INK+1 SAVE IN MEM+1 

1049 1C61 CflF6 


STRR,R2 ♦INK2+1 SAVE IN fCM 

1050 1C62 17 


RETC,LW 

1051 

* 


1052 

♦LOOK 

IF ASCII I€X TO CONVERT TO BINfFV 

1052 

♦ 


1054 1C64 06FF 

flH02 

L0DLR2 255 PRESET INDEX 

1855 1C66 EE2FC5 


com, R0 ASCI h R2, + CHECK THE VALLE 

1056 1C69 14 


RETC,E6 RETURN IF EffiFL 

1057 lC6fl E610 


CaiI,R2 H'l@'' CfCCK FOR mSL COUNT 

1058 1C6C 9878 


BCFR,E0 flH02+2 LOOP 

1059 1C6E 0706 


L0DLR2 6 CHF mT ASCII I€X 

1068 1C78 9BE8 


ZBRR ♦ERR GOTO ERROR 

1861 



1062 

♦CflRRflGE RETURN AND LINE FEED 

1062 



1064 1C72 040D 

CRLFF 

LODI, R0 12 CARRAQE RETLIRN 

1065 1C74 BBF0 


ZBSR ♦OUT PRINT 

1066 1C76 040fl 


L(»I,R0 1@ LINEFEED 

1067 1C78 BEf 8 


ZBSR ♦OUT PRINT 

1068 lC7fl 17 


RETC,UN 

1869 

¥ 


1070 

♦CCWVERT BINfSV TO ASCII HEX PRINT 

1071 

* 


1072 1C7B 7508 

HOUTT 

CPSL 1C 

1072 1C70 BBF4 


ZBSR ♦DISLSD CONVERT BIN TO NIBBLE 

1074 1C7F C2 


STRZ ^ SAVE IN R2 

1075 1C80 0E7FC5 


LODA,R0 ASCII,R2 TENS DIGIT 

1076 1C82 0 


ZBSR ♦a.tT PRINT TENS DIGIT 

1077 1C85 @D7FC5 


LODA, R0 (KCII, R1 GET IWITS DIGIT 

1078 1C88 BEF0 


ZBSR ♦OUT PRINT UNITS DIGIT 

1079 ICSft 17 


t$TC,L!N 
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THIN flSSE«ft.ER VER Z 8 INSTRUCTOR 58 PROM li/l/'78 


Pflf£ 8822 


LINEftDDR OBJECT 

E SOURCE 

1881 


1882 

♦ 

1882 


1884 

X4KITE CaSSEHE COlflflND 

1885 


1086 

’•‘THIS WRITES 2658 I€X FORNflT TO CflSSETTE TAPE 

1887 


1888 

♦REGISTERS USED 

1889 


1898 

*R0 SCRATCH 

1891 

♦R1 SCRATCH 

1892 

♦R2 Sa?ATCH 

1892 

*R3 SCRATCH 

1894 

♦ 

1895 

♦SUBROUTINES CALLED 

1096 


1097 

♦IM 1«ITE am TO TAPE 

1098 

♦mJT CW/ERT BlfWV TO ASCII m AM) M?ITE TO TAPE 

1099 

♦IM< If«®efr POINTER HEM 

1180 


1101 

♦RAH USED 

1102 


1102 

♦see BLOCK CHECK CHAR 

1184 

*m POINTER 

1105 

*m START fa)Di^S 

1106 

♦SAD DUfr STOP ADDRESS 

1187 

♦FID FILE ID FLAG AND STOFtfiGE 

1108 

* 

1189 

♦THIS ROUTINE PiJCHES A ICX FORMAT TAPE 

1110 

* 

1111 

* 

1112 

♦ LEfffiERlEID; ffl)DRCTBCRADDCCRR..BC 

1112 


1114 


1115 

* 

1116 


1117 1C® 20 

WCAS4 EORZ R0 GET A 8 

1118 1C8C BBFfi 

ZBSR *&P GET M-fBER 

1119 1C8E E687 

C0MLR2 H'ST'- ENTR/NXT KEV 

1120 1C98 17 

RETC,WI 

1121 

* 

1122 

.+ 

1122 1C91 051F 

WCAS LODLRl afttO-l i3ET M>[>FfSS OF LRD= DISFIAY 

1124 1C92 06BC 

L0DI..R2 :>LADE0-1 

1125 1C95 BBFE 

ZBSR ♦«:iV MOVE TO DISFIA-Y BLFFEF: 

1126 1C97 2872 

BSTR,l«HCHS4 GET ADDRESS DATA 

1127 1C99 988E 

BCFR,E8 ♦MCAS6+1 M0N2 IF WT E’^IT 

11281C9B mm 

STRA.R1 MEM SAVE STffi?T ADDRESS 

1129 1C9E CC17DE 

STRR,R0 MEM+1 

1120 ICfll 0412 

L0DI,R8 H^IZ' CHAMjE DISPLA-t' 

1121 iCR2 CC17D1 

STRA,R8 DISBIF DISPLAY '’Uffl)= 

1122 lCfl6 2B62 

BSTR.UN WCAS4 GET RCDI^SS DATA 

1122 ICflS 9C187D 

ICflS6 BCFaEQ M0N2 M)T ENTR^<T MUST ® f£W COttSW 

1124 

* 

1125 

♦CHECK FO? START ADDISSS GT THS^ STCfP 
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THIN fiSSEHBLER VER 

2.0 INSTRUCTOR 58 PR6H 117078 PftGE 8023 

1 

LINE ftDDR OBJECT 

E SOURCE 



106 

* 



1127 ICfiB ED17DD 


COm,Rl MEM 

CHECK HI BVTE i 

1138 ICflE 1806 


BCTR..EQ HCftS7 


109 1CB0 1909 


BCTR, GT WCftS9 

i 

1 

1140 1CB2 0707 

IC8S8 

L00LR3 7 

SET THE ERROR NUMBER 

1141 1CB4 9BE8 


2BRR *ERR 

GOTO ERROR 

1142 1CB6 EC17DE 

HCflS7 

COm,R0 MEM+1 

CHECK LO BVTE 

1142 1CB9 1877 


BCTR^LT ICftSS 


1144 

* 



1145 ICBB D802 

WC.ftS9 

BIRR,R0 WCfiSft 

INCREMENT STCP 8D0RESS 

1146 ICBD D908 


BIRR^Rl HC8Sft 

SO DUMP IS musivE 

1147 ICBF CD17C8 

HC8S8 

STR8..R1 E80 

SfiVE E® ftOORESS 

1148 1CC:2 CC17C9 


STRaR0 E80+1 

1 

1149 1CC5 0405 


LOOI..R0 H'OS'' 

CHftNGE OISPLftV ' 

1150 1CC7 CC17D1 


STR8,R0 OISBUF 

OISPLRV '■SftO= ' 

1151 ICCfi 2F1C8B 


BSTaUN HC8S4 

GET F-ROGRftM STfiRT ftOORESS 

1152 ICCD 9C9Cfl9 

WCflS2 

BCFft.EQ *MCftS6+l M0N2 GOTO MONITOR NEH FUNCTION 

1152 1CD0 CD17Cfl 


STRARl BfiO 

Sft'vt STftRT ftOORESS 

1154 1CD2 CC17CB 


STRaR0 BftO+l 


1155 1CD6 851F 


LOOLRl <FE8-1 

GET ADDRESS OF F= OISPLftV 

1156 1CD8 06B4 


L0DLR2 >FEQ-1 


1157 ICDfi BBFE 


ZBSR *MOV MOVE OflTft TO OISBUF 

1158 ICDC @401 


LOOLR0 1 

SET FLFtti TO SINdE BVTE 

1159 ICDE BBFfl 


ZBSR *GNP GET THE FILE ID 

1160 1CE0 E687 


C0MLR2 H'87'^ 

ENTR/NXT KEV 

1161 1CE2 98C5 


BCFaEQ *tCflS6+l M0N2 EXIT NEH COMMftND 

1162 1CE4 C894 


STRaR0 *HCftS5+l Sff/f FILE ID 

1162 1CE6 0608 


L00LR2 10 

SET TIC DELflV 

1164 1CE8 0719 

PUN10 

LM)LR2 25 


1165 ICEfl 20 


E0R2 R0 

(CT 8 0 

1166 ICEB BBF0 


ZBSR *OUT 

OUTPUT 8 LEfiOER 

1167 ICED FB7B 


B(M,R2 PIM0+2 


1168 ICEF 12 


SPSU GET FLfiG 

1169 1CF0 2440 


EORLR0 H'40' 

COMPLEfOT IT 

1170 1CF2 92 


LPSU RESTORE IT 

1171 ICR Ffl72 


B0RR..R2 PUN10 

0ECRE8SE TIC C0^T 

1172 1CF5 0416 


LOOL R0 WW STfiRT OF FILE C«K 

1172 1CF7 BBF0 


ZBSR *OUT 

PRINT 

1174 1CF9 0C17E8 

ICftSS 

LOOft,R0 FIO+1 

GET FILE ID 

1175 ICFC BBF2 


^ *HaJT 

CONVERT TO 8SCII HEX AND PRINT 

1176 ICFE BBF8 

PUN2 

ZBSR CRLF 

OUTPUT CfiRRftGE RETICN AND LINE FEED 

1177 1D00 842ft 


LOOLR0 8'/ 

STfiRT OF BLOCK CHfK 

1178 1002 BBF0 


ZBSR *(aJT 

PRINT 

1179 1004 20 


EORZ R0 

GET ft 0 

1180 lOK C8ft2 


STRR,R0 *PUN2+1 

PRESET BCC 

1181 1007 0C17C8 


LOO8..R0 Effi) CflLOJLftTE fffl OF BVTES TO OUTPUT 

1182 lD8fl 7789 


PPSL HC+C 

SET CflRRV 8® UITH CftRRV 

082 108C 0F17C9 


L00ft,R3 E80+1 

GET E® ®ORESS 

084 1O0F ftBftC 


SlJeR,R2 *B0UM1+1 HEM+1 SUBTR8CT STffl?T 8DDRESS FROM STOP HDOI^SS 

085 1011 8885 


SUBR.R0 *BDUM+1 l€M 

086 IDO 75CB 


CPSL HC 

CLEfiR HITH CftRRV 

087 1015 1E1CB2 


KTft,WS HCflS8 

STftRT > STOP 

088 

* 



089 

* 



090 1018 581B 

PUN4 

BRNR..R0 flOUM 

STfiRT ®DRESS GT THfll 256 IMIV FROM STOP 

091 lOlfl 5B15 


BRNR..R3 GOUM 

STfiRT ®ORESS LT 256 ftHflV FROM STOP 
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THIN ASSEMBLER VER 2.8 INSTRUCTOR 58 PROM 11/1/78 PAGE 8824 

LINEADDR OBJECT 

E SOURCE 



1192 IDIC 8C17CA 


L0DR,R8 BAD THIS IS END OF FILE BLOCK 

1192 IDIF 2B29 


BSTR,IU EDUM SO OUTPUT START ADDRESS OF PR0(3?AI1 

1194 1D21 8C17CB 


L0DflR8 BAD+1 


1195 1D24 2B24 


BSTR, LW EDUM 

OUTPUT A BY'TE AS 2 ASCII HEX CHARS 

1196 1D26 28 


EORZ R8 

END OF FILE S.OCK 

1197 1D27 2B21 


B5TR,UN EDUM OUPUT BVTE COUNT 

1198 1D29 8C17E1 

PUN2 

L0DA,R8 BCC 

GET BiX 

1199 1D2C 2B2C 


BSTR.UN EDUM OUTPUT BCC 

1288 1D2E 1F1874 


BCTflUN 

mN2 GOTO MONITOR 

1281 

* 



1282 

♦ 



1282 1D21 E71E 

GDUM 

C0MLR2 H'lE' 

IS START LT 28 AWRY FROM STOP 

1284 1D22 1A82 


BCTR^LT BDUM 

OUTPUT LAST BYTES 

1285 1D25 871E 

AOUM 

L0DLR2 H'lE' 

NO OF BVTES THIS RECORlD IS 28 

1286 1D27 eC17DD 

BDUM 

L0DA.R8 MEM 

OUT ADDR HI 

1287 1D2A 2B1E 


BSTRJJN EDUM 

OUTPUT BVTE AS 2 ASCII HE^; CHARS 

12^ 1D2C 8C17DE 

BDUm 

L0DA,R8 ICM+1 

OUT ADDR LO 

1289 1D2F 2B19 


BSTR,UN EDt#l 

OUTPUT BYTE AS 2 ASCII HEX CI«S 

1218 1D41 82 


LODZ R2 

OUT BYTE COIM 

1211 1D42 2B16 


BSTR,UN EDU1 

WJTPUT BYTE AS 2 ASCII HEX CHa?S 

1212 1D44 88E4 


LODR, Re tPUNZ+l OUT BCC FO? ADDR AND BYTE COlWT 

1212 1D46 2B12 


BSTfcW< EDIJ1 

OUTPUT BYTE AS 2 ASCII l€X CHARS 

1214 1D48 8C97DD 

DCXII 

L0DA,R8 

OUTPUT DATA FROI l€M 

1215 1D4B 2B8D 


BSTItUN Em 

OUTPUT BYTE AS 2 RSCll t€X CIWS 

1216 1D4D 2F1C55 


BSTftUN INK 

INCREfBlT POINTER MEM 

1217 1D58 FB76 


BDRR,R2 DDUM 

LOOP TILL DONE 

1218 1D52 K17E1 


LODA,R0 BCC 

GET BCC 

1219 1055 2B82 


BSTR.IW EDUM 

OUTPUT BCC FOR DATA 

1228 1D57 IFICFE 


BCTaiW PUN2 


1221 

* 



1222 1D5A 2F1C2A 

EOUM 

BsrauN CBCC 

CALCULATE BCC 

1222 1D5D 81 


LODZ R1 

GET VALUE TO OUTPUT 

1224 1D5E BBF2 


ZBSR *HOUT 

PRINT AS 2 ASCII I€X CItfB® 

1225 im 17 


RETC..W 
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TWIN flSSEMBLER VER Z 9 INSTRUCTOR 59 PR01 11/1/78 


PAGE 0^ 


LINE flODR OBJECT 

E SOURCE 

1227 


1228 

* 

1229 

* 

1239 

♦SET OR CLEAR BREAK POINT 

1231 

* 

1232 

* 

1233 

♦TO SET POINT ENTR ADDRESS AfO DEPRESS FUlCTION KEV 

1234 

♦TO CLEAR BREAK POINT DEPRESS FUNCTION KEV 

1235 

* 

1236 

♦SUBROUTINES CALLED 

1237 

* 

1238 

♦MOV ROVE DATA TO DISBUF 

1239 

♦®PA DISPLAV (M> GET ADDRESS MTA 

1249 

♦ROT ROTATE A NIBBLE 

1241 

♦SCBP2 SET DISBUF 445 

1242 

♦BRKPT4 SET DISBUF 647 

1243 

♦DSLSD CONVERT TO BINffl?V FOR DISPLAV 

1244 

* 

1245 

♦RfW l®K]lRV USED 

1246 

* 

1247 

♦BPF a?EAK POINT FLAG 

1248 

♦BPL LKATION OF BREAK POINT 

1249 

♦BPD DATA TO BE RESTORED IN BREAK POINT LOCATION 

1259 

* 

1251 

* 

1252 


1253 


1254 

* 

1255 lD6i 951F 

SCBP LODLRl <K»EQ-1 GET ADDRESS (F BP= 0ISPS.V 

1256 1D63 969C 

L0DLR2 >BPEe-l 

1257 1D65 BBFE 

2BSR ♦ROV ROVE DATA TO DISBIF 

1258 1D67 0C17CF 

LODA,R0 BPF BREAK POINT SET? 

1259 lD6fi 180fl 

BCmEQSCBPl NOT SET IjET ADDRESS 

1260 

* 

1261 

♦B^AK POINT SET SET UP fflMESS DISPLAV 

1262 

X! 

1263 1D6C 8C17CE 

LODA,R0 BPL+1 PREPARE THE ADDRESS 

1264 1067 BBEfi 

aSR ♦BRKPT4 SET UP DISPLAV 

1265 1D71 0C17CD 

LODfl,. R8 BPL GET MSB 

1266 1D74 3B14 

BSTR.UNSCBP2 SETUP DISPLAV 

1267 1D76 20 

SCBFl EORZ R8 SET UP GET NW1BER PARA^ETER TO 4 DIGIT 

1268 1D77 BBFC 

ZBSR ♦GNFfl GET THE ADDESS IF ANV 

1269 1D79 1818 

BCTR,. E6 SCBP4 SET THE BREAK POINT 

1270 

♦ 

1271 

♦THIS SECTION CLEARS THE BREAK POINT 

1272 

* 

1273 1D7B 0BS8 

LODR.. R3 ♦SCBP6+1 CHECK BREAK! POINT FLAG 

1274 1571) 1399 

BCTR.EQ ♦SCBP5+i BREAK POINT NOT SET GO TO KffiNIT® 

1275 1B7F E681 

C0MI..R2 H-'8i- IS TERMINATION BKF'? 

1276 lD8i 9885 

BCFR..ES ♦5CBF5+i NO LEAVE BREAK POINT SET GO TO MONITOR 

1277 1083 20 

ECiRZ R8 GET A O 

1278 1084 CCi/Cf 

SCBP6 STRR.R8 BPF CLEAR BREAK POINT FLAG 

1279 1087 IFISFD 

SCBP5 BCT.R,.UN flONZ GO TO MONITOR 

1289 

* 

1281 lD3fi BBF4 

S(^P2 ZBSR ♦DISLSD CONVERT TO BIN FOR DISPLAV 
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TRIM aSSEfE-ER VER 2. 6 INSTRUCTOR 58 PRGM 11/1/78 
LINE i=iC'&R OBJECT E SOLiRCE 


PAGE 0826 


1282 iD8C: 
1282 1D8F 

1284 iC<92 

1285 

1286 


1289 1D96 

1290 1D99 

1291 lD9fl 

1292 1D9C 
1292 1C<9F 

1294 IDfll 

1295 1DR4 

1296 IDfl? 

1297 1DR9 

1298 IDflB 

1299 IDftD 
1200 1DB0 
1281 1DB2 
1202 1DB4 


CI517D6 

CC17D5 

17 


STRR.R1 

STRft..R0 

RETC..LIN 

it= 

♦THIS SECTION 
* 


DISBf.F+5 

DISBUF+4 


SETS TI€ BREAK POINT 


CC17CE 

SCBP4 

STRa R0 

BPL+1 

SET BREAK POINT ADDRESS 

CD17CD 


STRR.Rl 

BPL 


20 


E0R2 

R0 

CLEAR: BREAK FtHNT FLftj 

C8E9 


STRR.R8 

♦SCBP6+1 C1€CK TIC BREAK POIN’' CRN 1 

0C97C& 


LODA..R0 

♦BPL 

GET DATA FRiW ERERK POINT LOCATION 

05B0 


LODLRl 

H''B0- 

BREAK POINT IFeiRUCTION... ICTC.. P0 

CD97CD 


STRfLRl 

♦BPL 

TRV TO SET BREAK POINT 

ED97CD 


COMURl 

♦BPL 

DID IT SET OK? 

1804 


BCTR,EQ 

SCBP7 

BREAK POINT CAN BE SET 

8701 


L0DI,R2 

1 

CANT SET BREAK POINT ERROR 

98E8 


SRR 

♦ERR 

GOTO ERRCR 

CL'9i^LO 

SCBP7 

STRR,R0 

♦BPL 

RESTORE USER DATA 

047F 


LC€'LR0 

127 

SET TIC a?ERK POINT FLAG 

C^l 


STRR,R0 

♦SCBP6+1 SET IT 

1BD2 


BCTR^IJN 

♦9:BP5+1 GOTO NONITOR 
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TWIN flSSEIClER VEF 

2. 8 INSTRIXTOR 58 F'RGII 11/1/78 P«3E 8827 

LINE ftDDR OBJECT 

E SOURCE 

004 


085 

:¥ 

007 

-¥ 

♦MOVE 8 B'tTES of DfiTfi POINTED TO IN R1 fi® R2 TO DISBUF 

088 


009 


O10 

♦REGISTERS IXED 

oil 


012 

*R0 SCRfiTCH 

OO 

*R1 HI fiDDRESS BVTE OF DfiTfl flDDRESS-1 

014 

tR2 LO fiDDRESS BVTE OF DflTF! fiC-DRESS-1 

015 

+R2 NOT USED 

1217 

^SUBROUTINES CflLLD 

018 


1219 

♦NONE 

1220 


021 

♦RAM NEMa?V USED 

022 

♦ 

022 

*T TElfl> INDIRECT ffl)ORESS 

1224 

* 

025 


1226 

* 

027 iDB6 CD17E2 

mi STRfi>Rl T SET INDIRECT fiDDRESS 

1228 IDBS CE17E4 

STRa.R2 T+1 

029 IDBC: 8688 

L0DLR2 8 SET INC€5^ TO MOVE 8 BVTES 

020 IDBE ££F7B 

MCiVl L0Dfl,Re*LR2 GET fi BVTE 

021 IDCl CE77D0 

STRfl..R0 DISBIJF-1R2 fWVE TO BUFFER 

022 1DC4 Ffl78 

BDRR,R2 MOS/'l 

022 1DC6 17 

RETC,UN 
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THIN flSSE»®.EI? VER 2. 0 INSTRUCTOR 59 PRi31 11/1/78 


PftGE 0028 


LINE fiDDR OBJECT E SOlfl?CE 


035 

036 

037 

038 

039 

040 

041 

042 

043 

044 

045 

046 

047 

048 

049 

050 

051 

1352 

053 

054 

1355 

056 

1357 

058 

059 

1360 

1361 
062 
063 
1364 
065 
066 
067 
068 
1369 
070 
071 
072 
073 
074 

075 1DC7 @406 
076 1DC9 F87E 
077 IDCe 52 
078 IDCC 8F77D0 
079 IDCF Cl 
080 1DD0 4580 
081 1DD2 447F 
1382 1DD4 0C7F68 
083 1DD7 61 
1384 1DD8 F601 
085 IDOfl 1808 
1386 IDDC 0D17ED 
087 IDDF 9803 
088 IDEl 4580 
089 1PE3 61 


*i<Fr' B08RD SC8N 8M) DISPL8V ROUTINE 
.+• 

*TH1S ROUTINE WRITTEN BV' RLEK QOLDBURGER 
* 

!|C 

*T0 USE THIS RWJTINE PLRCE D8T8 TO BE DISF18VED 
*IN DISBLF (SEE CODES 8T BEGINT^NG Cf PF'OGFW) 

* 

*0N ENTRV R0 C0NT8INS 8 FLRG 

*R0 = 0 NCFM8L 0PER8TI0N 

* W mi R0 = KIV PRESSED CODE 
*R0 = 1-127 GO THRU SCfiN OFCt ft® EXIT 

=»-• ON EXIT R9 = KEV PRESSED CODE 

*R0 = H^SO' TURN i»l DECItKl POINT FCiR ENTRV NODE 

* (W EXIT R0 = KEV PRESSED CBDE 

* 

♦SEE KEV PRESSED CODES 8T BEGINNING OF PROGRSN 
♦ 

♦I^GISTERS USED IN B8NK OH ENTRV 
* 

♦R0 SCR8TCH 

♦Rl KEVBOffl?D FLRGS 
*R2 DIGIT SELECT 

♦R3 DIGIT POINTER 

* 

♦SUBRaiTINES C8LLED 
* 

♦NONE 

* 

♦R8M HEMCFV USED 
* 

♦DISBUF DISPL8V BIFFER 

♦KaG KE-V B08RD a8G 
* 

* 

DLOOP LODLR0 6 Da8V TO M8KE LOiPS Eim 
BDRR.^ $ 

DLOCFl RRR,R2 R0T8TE DIGIT SELECT 

UmR8 DISBLF-1,R3 GET D8T8 TO BE DISPLftVED 
STR2 Rl S8V‘E DISPL8V CODE 
fWLRlH'88'’ mSK FOR DECIH8L POINT 

mDLROH'TF" N8SK CfF DECIN8L PCUNT 

LmR0 SEOTBL.R0 COHORT TO SEGNENT DfiTfi 
lORZ Rl SET THE DECINBL PCUNT IF NEEDED 
TOL R2 H'01' COL 7? 

BCmNG DL00P3 DONT PUT DECIN8L POINT HERE 

L0D8.R1 KFL6+1 GET FL8G 

BCFR.NG DL00P3 IF FL8Q NOT ICG Ni3 DECIMRL POINT 

8f®L Rl H"88'' n8SK DECIN8L POINT 

I0R2 Rl SET DECIHRL POINT 
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THIN flSSEI®.ER VER Z 8 INSTRI-CTCK 58 PROI 11/1,-78 PfiGE 0029 

LINE fiDDR OBJECT E SOURCE 


1290 1DE4 0580 

DL00P2 LODI,Rl 

0 

GET fi 0 

1391 IDES D5F9 

HRTE,R1 

SEG 

TURN OFF SEGMENTS 

1292 1DE8 D6Ffi 

HRTE,R2 

DIGIT 

EmE I£XT DIGIT 

1292 IDEfi D4F9 

HRTE,R0 

SEG 

8® DISPLffV IT 

1294 IDEC 0C17EC 

LODfl,R0 

KFLG 

SEE IF KEV IS DOWI? 

1295 IDEF 980B 

BCFR,EQ 

DL00P4 

KEV UP DEBOINCE 

1296 lOFl IBlfl 

BCTfcUN 

DLffi3P5 

IS KEV DOWN? 

1397 

* 



1398 1DF2 FB52 

DL01P2 BDRR,R2 

DLOOP 

DEC1?EMENT DIGIT PTR 

1399 

* 


TEST IF ONE SCBN IS DO®. 

1408 

* 


IF ONE SCAN DO® INITIALIZE SCfiN 

1401 



PfiRfWETERS fM) KEV FLAGS 

1402 1DF5 a::l7EO 

LODfl,R0 

KFLG+1 

c®cK m 0® pass t®n exit mcide 

1402 1DF8 1922 

BCTR,QT 

DISP2 

IF 0® PfiSS EXIT 

1404 IDFfi 1B23 

BCTR,UN 

DISP4 

®SET T® FLAGS 

1405 

■t 



1406 

* 



1487 IDFC 2B28 

DL00P4 BSTRAW 

GETKEV 

GET ft KEV 

1488 IDFE 9806 

BCmEQ 

DLPe 

KEV IS DOWN RESET DEBOlffiCE 

1409 1E00 0887 

LOC-R,R0 

*DLP1+1 

KFLG+2 GET COUNTER VflUE 

1410 1E02 F804 

eDRR,R0 

DLPl 


1411 1E04 1B14 

BCTR,UN 

DISPl 

SET FLAG TO ACCEPT KEV 

1412 1E06 0460 

DLP0 LODI,R0 

H^60'- 

SET THE DELAV COUNT 

1413 1E08 CC17EE 

DLPl STR8,R0 

KFLG+2 

Sft® DELAV COliNT 

1414 1E0B 1B66 

BCTR,W 

DL00P2 

DO THE rCXT sew 

1415 

* 



1416 

* 



1417 1E0D 2B17 

DL00P5 eSTR,IJN 

QETKEV 

IS fi KEV DOW’ 

1418 1E0F 1862 

BCTR..E0 

DL00P2 

NO 

1419 lEll 1824 

BCm.UN 

•CODE 


1428 

* 



1421 

*ENTRV TO DISPLflV ROUTINE I€RE 

1422 

♦ 



1423 1E13 CC17ED 

DISPLI STR8,R0 

KFL64-1 

SAVE INPUT F-fiRfi®TER 

1424 lEi6 0460 

DISP2 LODLR0 

H'60- 

KEV m DOWN - SET KFLG 

1425 

* 


NOT TO ACCEPT KEV NEXT SCAN 

1426 1E18 C8EF 

STRR..R0 

■tDLPl+1 

KFLG+2 SET KEV r-EBOWCE DELfiV 

1427 lElR CC17EC 

DISPl STRfi,. R0 

KFLG 

jjayf f(C)_i3 

1428 lElD 7589 

CPSL 

|>IC 

CLEAR CftPRV AND WITH CAFlRV 

1429 lElF 0788 

DISP4 L0DI,R2 

H'08"' 

INITIALIZE DIGIT POINTER 

1430 1E21 0601 

L0DI,R2 

H'-01- 

ft® DIGIT SELECT 

1421 1E22 IFIDCB 

BCTfi, UN 

DLOOPl 

GO DISFlftV 

1422 

.+■ 



1432 

^*GET KEV CODE 



1434 




1425 iE26 55FE 

QETKEV R£DE,R1 

KBDIN 

READ KPVECFlRD 

1436 1E28 458F 

fiNDI.Rl 

H'8F' 

MftSK OFF UNI.ISED BITS 

1437 lE2fi 250F 

EORI,Rl 

H^0F'- 

INVERT THE I®UT 

1438 1E2C 17 

RETC, UN 



1439 

* 



1440 

^SINGLE PfiSS EXIT 


1441 

■4: 



1442 iE2D 0408 

DISP3 LODLR0 10 


1442 lE'ZF FS7E 

BDRR, R0 $ 

^Lfi*/ 

1444 1E21 D4F9 

HF;TLR0 

SEG 

TURN OF SEGffiNTS 

1445 1E23 0488 

LODI,R0 

® m FESSED CODE 




11-30 





THIN ASSEMBLER VER 2.0 II6TRLCT0R 50 PRGM 11/1/78 


PAGE 0030 


LINE ADDR OBJECT 

E SOURCE 



1446 1E35 C2 


STP2 R2 

SAVE IN R2 

1447 1E36 17 


RETCCIN 


1448 

* 



1449 

CONVERT KEY LINE DATA TO KEY CODE 

1450 

* 



1451 1E37 20 

CODE 

EORZ R8 

GET A 0 

1452 1E38 [)4F9 


1«TE.. R8 SEQ 

TURN OF SEGfCNTS 

1453 1E3A fi701 


S1JBI,R3 1 

DECREMENT CCiUMN CaWTER 

1454 1E3C D4FA 


HRTLR0 DIGIT 

TUFJI OFF COLUMNS 

1455 1E3E 0604 

CODEl 

L0DI..R2 4 

LCOP cawT 

1456 1E40 51 

i3S)E4 

RRR,R1 

GET I.CIGHT OF KEV LHC 

1457 1E41 E580 


COMLRl H"80' 

CI€CK FOR 1 KEV DOWN 

1458 1E43 1808 


BCTR.E0 C0DE2 

R0 = 0..4,.8, OR H' C ' 

1459 1E45 8404 


f»DI,R0 H''04' 


1460 1E47 FR77 


BDRR..R2 C0DE4 

CtCCK FOR OMV 1 FY 

1461 1E49 0708 


LODI..R3 8 

MC9?E THAN 1 KEY DOWf-i i3R NO KEY DOl 

1462 ^4B ^E8 


ZBRR *ERR 

GOTO ERROR 

1463 1E4D E704 

C0DE2 

C0MI,R3 H'@4'' 

f«.!|®ER OR FUNCTION KEY’l^ 

1464 1E4F Ifl^ 


BCTRAT C0DE3 

# KEY 

1465 1E51 50 


RRR,R0 

DIVIDE KEVLIIC ICIC+TT BY 2 

1466 1E52 6480 


IORI..R0 H'80' 

FLIFCTION KFY DESUGNATOF: 

146? 1E54 4701 


ANDI..R3 H'01- 

RETAIN L5B ONLY 

1468 1E56 83 

CIDDE3 

ADDZ R3 

TO GET WHiXE KEYtOCC 

1469 1E57 C2 


STRZ R2 

SAVE KEY (XiDE IN R2 

1470 1E58 17 


RETC,UN 
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TWIN aSSEfflER VER 2. 0 IHSTRLCTOR 50 PRGH 11/1,-78 PRGE 0031 

LINE flDDR OBJECT E SOLB?C£ 


1472 

1472 


:+: 


1474 + 


1475 

♦GOTO ROLITINE 


1476 

:4: 



1477 




1478 

♦REGISTERS USED 


1479 




1480 

♦R8 SCRATCH 


1481 

♦R1 SCRATCH 


1482 

♦R2 SCRATCH 


1483 

♦R3 SCRATCH 


1484 

♦Rl" 

RESTORED 


1485 

*R2'- 

RESTORED 


1486 

*R3'' 

RESTORED 


1487 

♦PSU RESTORED 


1488 

♦PSL RESTORED 


1489 




1490 

♦SUBRaiTIfCS USED 


1491 




1492 

♦NONE 


1493 




1494 

♦Rfw rew.v USED 


1495 




1496 

♦SSF 

SINGLE STEP RAG 

1497 

♦BPF 

break; point FLf« 

1498 

♦BPL 

BREAK point LOCATICW 

1499 

♦BPD 

BREAK POINT DATA 

1500 

♦LADR IM)IRECT ADDRESS TO JUlf> THRU 

1501 

It 



1502 



«♦♦♦♦♦♦♦•♦♦♦♦♦"♦♦♦♦•♦♦♦♦♦♦♦•♦♦♦+♦♦♦♦♦: 

1502 




1504 1E59 0C17D0 

60 

LmR0 SSF 

GET SINGLE STEP FLAG 

1505 1E5C 9819 


KFR.EQ GOl 

NO SINGLE STEP GOTO USER 

15^ 1E5E 0C17CF 


LODflR0 BPF 

GET BREAK POINT FLAG 

1507 1E61 1814 


BCTRiEQ 601 

BREFHC POINT GO TO USER NO BREAK pi 

1508 1E63 0C97CD 


La)A.R0 ♦BPL 

USER DATA 

1509 1E66 C4:i7CC 


STRA,R0 H»D 

SA^'E USER DATA 

1510 1E69 84B0 


Lffl)I..R0 H'B0' 

tRTC,R0 BREAK FtUNT IKCTRiXTION 

1511 1E6B CC97CI> 


STRA,R0 mt 

SET THE BREAK POINT 

1512 1E6E EC97Cf» 


CmR0 tBPL 

CICCK BREAK POINT SET CK 

1513 1E71 1804 


K:TR,EQ GOl 

GOTO UOT. 

1514 1E73 0701 


L®I,R3 1 

ERROR BREAK POINT NOT SET OK; 

1515 1E75 9BE8 


2BRR ♦ERR 

GOTO EI^R 

1516 1E77 

601 

Eai $ 
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TWIN fiSSEI«LER VER 2. 0 INSTRUCTOR 50 PROM 11/1/7?: 


PfiUE 00-2 


Lift flDDR OBJECT E SOURCE 


151:3 


1519 

He 


1520 



1521 

^RESTORE REGISTERS BEFiORE GOING TO USER PRCGRfiK 

1522 

He 


1523 

4 


1524 

He 


1525 

H: 


1526 

^REGISTERS USED 


1527 

H: 


1528 

*R8 THRU R3^ PSU PSL 


1529 

He 


1538 

’♦^SLIBROUTINES CALLED 


1531 

•t 


1532 

■*IJ£G+9 RESTOFf PSL 

1533 

* 


1534 

*Rfll1 MEMCfiV USED 


1535 



1536 

*l»?EG = R0 


1537 

*U?EG+1 = R1 


1538 

*UREG+2 = R2 


1539 

*UREQ+3 = R3 


1540 

*UREG+4 = Rl" 


1541 

*UREG+5 = 02" 


1542 

♦LRE6+6 = R3' 


1543 

•KIRE6+7 = PSU 


1544 

♦IJREG+8 = PSL 


1545 

*LIREG+9 = PPa. INSTRLCTION iMWE 

1546 

*UREG+10 = PSL 


1547 

♦UREG+11 =RETC..UN INSTRUCTUON OPCODE 

1548 



1549 

HcHcHeHfHeHeHeHeHcH:4t.tHc4.t.t 


1550 1E77 8577 

RESTRG LODL R1 W77' 

PPSL INSTRI.ICTION OPCCf)E 

1551 1E79 CD17FB 

STRa.Rl UREG+9 

CREATE R SlMOlJTIIC TO RESTORE PSL 

1552 lETC 0517 

LODLRl H'17 ' 

RETC.-UN INSTRUCTION iPCODE 

1553 1E7E CD17FD 

STRfl..Rl UREQ+11 


1554 1E81 7510 

RS 

CLERR REGISTER SHITCH 

1555 iE83 a)17F3 

LODfl.Rl lKEG+1 

RESTORE FI 

1556 1E86 @E17F4 

L0Dfl..R2 UR£G+2 

RESTORE F:2 

1557 1E89 0F17F5 

L0Dfi.R3 L«?EG+3 

RESTORE R3 

1558 1E8C 7710 

PPSL RS 

SET THE F£GISTER SWITCH 

1559 1E8E 0D17F6 

LODft^Rl iJ?EG+4 

RESTORE Rl' 

1560 1E91 0E17F7 

L0Dfi,R2 UREG+5 

RESTORE R2- 

1561 1E94 0F17F8 

L0Dfi,R3 UREG+6 

RESTORE R3' 

1562 1E97 K17F9 

RESTRl LODfl..R0 URE6+7 

GET PSU DRTR 

1563 lE9fl 6C17F1 

IORfl..R0 IFLG 

SET INTERUPT INHIBIT IF PEOUIPED 

1564 1E9D 92 

LPSLI 

RESTORE FSU 

1565 lE^ K:17F2 

LODfi..R0 UREG 

RESTORE R0 

1566 lEftl 75FF 

CPSL 255 

O-ERR PSL 

1567 lEfl3 3F17Fe 

BSTfi,UN UREQ+9 

RESTORE PSi 

1568 1606 1F97E8 

BCTfl. UN *Lft)R 

GOTO USER 


1569 * 
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THIN flSSEfBLER VER 2.8 INSTRLCTO? 58 PRGH 11/1/78 


PffiiE 0822 


LINE flDDR OBJECT E SOURCE 


1571 

1572 

1573 

1574 

1575 

1576 

1577 

1578 

1579 

1580 

1581 

1582 
1582 

1584 

1585 

1586 

1587 

1588 

1589 

1590 

1591 

1592 lEft9 CDlTDfi 

1593 lEflC CE17DB 

1594 lEflF CF17DC 

1595 1EB2 17 

1596 

1597 

1598 

1599 

1600 
1681 
1602 

1603 

1604 

1605 

1606 

1607 

1608 
1609 
1618 
1611 
1612 

1613 

1614 


«-7*iY*'T*^*^*T*‘t^*i*^^*t'm**T'*T**T'^'^*1*^**T**T'’T'^'?*v^*^*^*v*T*'^T'*T*^m**T*^*^^'''T'^^*’^**T**T''T‘*T'm^ 

* 

* 

*SI^OUTINE TO SAVE R1,R2..R2 
*■ 

♦REGISTERS LSED IN mffl( ON ENTRV 
* 

*R1 SfftED IN SfM?E6+l 
♦R2 SAVED IN SRVREQ+2 
*R3 SAVED IN SAVREQ+3 
* 

♦SITOJTINES CALLED 
* 

♦NOI€ 

* 

♦RAM l€mRV USED 
* 

♦SAVREG+1 

♦SAVREG+2 

♦SAVREG+2 

SRVR0 STRARl SfiVREG+1 
SA'VR01 STRA,R2 SA’VREG+2 
SAVR82 STRA,R2 SAVREG+3 
RETC.UN 

* 

* 

♦SUBRaiTINE TO RESTflE R1,R2,R2 
* 

* 

♦REGISTERS USD IN BANK ON ENTRV 
* 

♦R1 RESTORD TO VALLE IN SAVREG+1 
♦R2 REST13RED TO VALUE IN SAVREG+2 
♦R2 RESTORED TO ^'ft.iJE IN SA’vERfi+2 
+■ 

♦SUBROUTINES CALLED 
* 

♦NCiNE 

*• 

♦RAM MEMORY USED 
♦SfiVREG+1 


1615 

1616 

1617 

1618 lEe3 @9F5 

1619 1EB5 0AF6 


♦SA'^£G+2 

♦SAVREG+2 

RESTTJ0 LODR,Rl ♦SAVR0+1 
L00R..R2 ♦SAVR01+1 


1620 lEB? 0BF7 


LIM..R2 ♦SAVR02+1 


1621 1EB9 17 


RETC,UN 
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THIN ftSSENBLER VER 2. 8 INSTRUCTOR 58 PRGH ll/i/78 PAGE 8824 

LINE flDDR OBJECT E SOWICE 


1623 

1624 

1625 

1626 

1627 

1628 
1629 
1638 

1631 

1632 

1633 

1634 

1635 

1636 

1637 

1638 

1639 
1648 

1641 

1642 

1643 

1644 

1645 

1646 

1647 

1648 

1649 
1658 

1651 

1652 

1653 

1654 

1655 

1656 

1657 


♦ 

♦ 

♦CASSETTE 10 ROUTINES 
♦PROGRAM WRITTEN BV BBC 
♦ 

♦ 84-27-77 

♦ 

♦ THESE ROUTINES MYITES OK I^ADS ME BVTE TO OR FROM 

♦ THE CASSETTE IN SIMCA FORMAT. 

♦ 

♦ TIE FREQUEICV IS DETERMIIED BV FI^Q 

♦ (CVaE TIME IS 3.333 MICRO-SEC.) 

♦ 


♦ 

♦ROITINES SffiE AND fEESTOffi R1R2,R3 OF OM^ENT BAf« 

♦ 

♦IN RETURNS WITH DATA BVTE IN R8 
♦OUT REQUIRES BVTE TO BE OUTPUT TO BE IN R8 
* 

♦TCAS IS THE CASSETTE READ TEST USED TO SET LEVELS ON PLAV BACK 
♦ 

♦SEE FRWT OF PROQWI FOR DISPLAVS AM) INSTRUCTIONS 
* 

♦ 

♦REGISTERS USED 
♦ 

♦R8.R1..R2,R3 ARE SCRATCH 
♦ 

♦SUBROUTIfCS CfLLED 
♦ 

*sem SAVES RLR2,R3 
♦RESTRB RESTORES R1,R2R3 
♦ 

♦RAM MEMORV USED 


16 K 

1659 

1668 

mi 

1662 8011 

1663 8888 

1664 8813 

1665 8803 

1666 8806 

1667 8009 

1668 2m 

1669 

1670 

1671 

1672 

1673 

1674 lEBA 3B6D 

1675 lEBC D487 

1676 lEBE 0708 

1677 1EC0 C8A8 


* 

♦TEMP TEMP(FJWV STOBIGE 
♦ 


FREQ EQU 17 PULSE TIME < 8. 2 MSEC. ) 

mV ECR) 8^FI«Q INTER-BIT SPffiE 

TMDLV EQU 19 TIME-OUT FOR INTER-BIT DETECTION 

PlLSl EQU 3 NlfBER OF PULSES FOR A OfC 

PILS0 EQU 2>ifULSl ItfBER OF PUSES FOR A ZERO 

THRES EQU 3kP11S1 TRIWSITKSI THRESHOLD FOR DETECTION 

EBIT EQLI S^PULSl TRANSITION THRESHOLD FOR END BIT 


♦ 

♦ 


♦ SUBROUTINE OUT 

♦ WRITES ONE BVTE FROM R0 TO CASSETTE 


* 

Ojn BSTR^WI SAVR0 SA'it R1-R3 

IRTLR0 LEDS WRITE BVTE TO LEDS FOR DISPLAV 
L0DLR3 8 BIT COUNT 
OUTl STRR.R8 ♦0UT5+1 TEMP SAVE BVTE IN TEMP 
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THIN fiSSEIfiER VER 2. 0 INSTRUCTOR 50 PRGil 11/1/78 PftGE 0075 

LINE flDDR OBJECT E SOURCE 


1678 1EC2 CBBfi 


STRR..R3 ^^OUTS+l TEI'P+1 SAVt BIT COUNT IN TEMP+1 

1679 1EC4 0506 


LODL.Rl PLiS0 

GET NUI^ER OF FUSES FOR fl ZERO 

1680 iEC6 F481 


TMI..R0 H'01' 

TEST FOR fi ONE 

1681 1EC8 9801 


BCFR,0 0UT2 


1682 lECfl 51 


RRfcRl 

DIVIDE COUNT IF R i3NE 

1683 lECB FB02 

0UT2 

Em R3 0UT3 

CHECK FOR LfiST BIT 

1684 lECD 3506 


RDDL.Rl PULS0 

VES, ADD LAST BIT PULSES 

1685 lECF 0611 

0UT3 

L0DI,R2 FREQ 

LENGTH OF PLtSE 

1686 lEDl 0718 


LODI..R3 H-IS-' 

SET ENV AND FF£Q 

1687 1ED2 D7P8 


WRTE, R3 CAS 


1688 1ED5 FR7E 


BDRR,R2 t 

DELRV 10 MICFfl-SEC PER ITEF^iTION 

1689 1ED7 0611 


LODI, R2 FREQ 

LENGTH i3F PJJLSE 

1690 1ED9 0710 


L0DI,R3 H'lB' 

RESET FREQ 

1691 lEDB D7FS 


WRTE, R3 CAS 


1692 lEDD FRTE 


BC-RR, R2 1 

DELRV 10 MICRO-SEC PER ITERATICiN 

1693 lEDF F96E 


BDRRjRl 0UT3 

DO NEKT PULSE 

1694 lEEl 0688 


L0DI,R2 SPDLV 

INTER-BIT SPflCf 

1695 1EE3 0700 


LM>I,R3 H''00'' 

TURN OFF ENV AND FREQ 

1696 1EE5 D7F8 


l-ff:TE,R3 CAS 


1697 1EE7 Ffi7E 


BDRR,R2 1 

DELRV 10 MICRO-SEC PER ITERATD^I 

1698 




1699 1EE9 0C17C6 

CfUT5 

LOCft.RG TEMP 

GET CHARACTER BACK 

1700 lEEC 50 


RRR,R0 

ROTATE RIGHT ONE PLACE 

1701 lEED 0F17C7 

0UT6 

L0DA,R3 TEfP+1 

GET BIT COUNT 

1702 1EF0 FB4E 


BDRR,R3 OUTl 

CONTINUE IF COLWT IttiN-ZERO 

1703 1EF2 2F1EB3 

0LIT4 

BSTR,LiN RESTR0 

RESTORE R1-R3 

1704 1EF5 17 


RETC,UN 

ELSE, RETLIRN 

1705 




1706 

*■ SUBROUTINE IN 


1707 

* RERDS iM BVTE FROM CASSETTE TO R0 

1708 




1709 1EF6 3FlEfi9 

INN 

BSTA,UN SAVR0 

SR'/E F1-R3 

1710 1EF9 20 


EORZ R0 

SET R0 TO ZERO 

1711 lEFfl 44FE 

INI 

ANC<I,R0 H'FE' 

MASK WT im BIT 

1712 lEFC C8EC. 


STRR,R0 tOUTS+l 

TEMP SAVE PAF:TIAL BVTE 

1713 lEFE 3B0R 


BS.TR,UN GBIT 

GET NEXT BIT 

1714 1F00 88E8 


ADDR,R0 tOUT5+l 

TEfP ADD IN PARTIAL BVTE 

1715 1F82 50 


RRR,R@ 

MO^/E NEW BIT TO HIGH POSITION 

1716 1F03 5975 


BRNR,R1 INI 

TEST LAST BIT FLAG 

1717 1F05 3BEC 


BSTR,UN «M4+1 

VES, RESTORE R1-R3 

1718 1F07 D407 


WRTE,R0 LEDS 

WRITE BYTE TO LEDS FOR DISFlfiV 

1719 1F09 17 


RETC,UN 

RETURN 

1720 




1721 

* SUBROUTINE TO GET THE fCXT BIT FROI CASSETTE 

1722 

•* BIT IS RETURICD AS LEAST SUlilFICANT BIT Cf R8 

1723 




1724 lF8fi 0580 

GBIT 

LODl.Rl H'80' 


1725 1F0C. D5F8 


WRTE,R1 CAS 

SET SENSE TO CASSETTE 

1726 1F0E 12 


SPSU 

GET PSU 

1727 1F0F 07FF 


L0DI,R3 -1 

SET TRANSITION COM TO -1 

1728 IFll 06FF 


LODI,F2 HTF ' 

SET TirC-WJT TO WK FOR FIRST TRaNSITION 

1729 1F13 1B02 


BCTR, UN GBT3 


1730 1F15 0613 

GBT2 

LOOI,R2 Tim.V 

SET END-OF-BIT DETECTION DELRV 

1731 If 17 Cl 

GBT3 

STRZ R1 

SAVE LAST COPY Cf PSU IN R1 

1732 1F18 8701 


AC4)I,R3 1 

INCREMENT TR^SITION CftlNTER 

1733 IFlfi 12 

GBT4 

g^-su 

LOOK FOR TRfWSITION 
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TWIN ASSEMBLER VER 2. 8 INSTRUCHDR 50 PR611 11/1/78 PAGE 0036 

LINERDDR OBJECT 

E SOURCE 



1734 IFIB El 


COMZ R1 


1735 IFIC 9877 


BCFR, EQ GBT2 

IF NOT EQUAL NEW TRAt^lSITION 

1736 IFIE FA7R 


BDRR.. R2 GeT4 

IF EQUAL, TEST TI*-OUT 

1737 1F20 20 


EORZ R0 

SET R0 TO ZERO 

1738 1F21 D4F8 


WRTL R0 CAS 

SET SENSE BRICK TO USER 

1739 1F23 0501 


LiDDLRl 1 

PRESET END FLAG TO 1 

1740 1F25 E70F 


C0MI,R3 EBIT 

ENDBIT THRESHOLD 

1741 1F27 9903 


BCFR^QT ffiT5 


1742 1F29 A70C 


S18LR3 2*PULS0 

LAST BIT, SUB EN[«IT f'LLSES 

1743 1F2B Cl 


STRZ R1 

AND SET END- FLAG 

1744 1F2C E7@9 

GBT5 

CCI1LR3 THflES 

IS COUNT GREATER THAN THRESHOLD 

1745 iF2E 15 


RETC..GT 

RETURN IF TRUE 

1746 1F2F 0401 


LOOI,R0 1 

NO, SET BIT TO 0« 

1747 1F31 17 


RETC,UN RETUFW 


1748 

* 



1749 

*• 



1750 

* SUBROJTINE TEST CASSETTE READS 

1751 




1752 iF32 0580 

TCRS 

LCCLRl H'80' 

SELECT LEAST SIGNIFICANT DIGIT 

1753 1F34 D5FA 


FRTBRl DIGIT 


1754 1F36 0740 

TCS0 

L0DLR3 H'40' 

OUTPUT TO DISFIAV 

1755 1F38 D487 

TCSl 

MRTE.R0 LEDS 

OUTPUT VALUE TO LED'S 

1756 1F3R D7F9 


fcKTE,R3 DISP 

OUTPUT TO DISPLAV 

1757 1F3C CF17C7 

TCS10 

STRfl,R3 TEMF'+l 

Sff/E UD CONDITION 

1758 iF3F 068fi 


L0DLR2 10 

RETURN AFTER 10 EXACT READS 

1759 1F41 CE17C6 

TCS2 

STRfl..R2 TEMP 

Sm€ R2 

1760 1F44 3B44 


BSTR,UN G-BIT 

GET A BIT 

1761 1F46 0AFA 


L0DR,R2 ’t'TCS2+l 

TE^P RESTORE R2 

1762 1F48 050C 


LODLRl 2*PULS0 

NUI©ER OF TRANSITIONS FOR A ZERO 

1763 lF4fl 60 


lORZ R0 

GET CONC'ITION CODE FOR R0 

1764 1F4B 1801 


BCTEE0 TCS3 

BRANCH IF A ZERO 

1765 1F4D 51 


RRR,R1 

DIVIDE NOMimL TRANSITION COUNT BV : 

1766 1F4E 03 

TCS3 

L(»Z R3 

GET CfllllT IN R0 

1767 1F4F 1867 


BCTR.EQ TCSl 

BLANK DISPLAV IF @ 

1768 1F51 A1 


Sl^ R1 

TEST CaiNT 

1769 1F52 9804 


BCFR..EQ TCS4 

IF NOT EQUAL, RETURN 

1770 1F54 FA6B 

TCS35 

BDRR..R2 TCS2 

IF EQUAL AND CaiNT NOT UP, GET NEW ! 

1771 1F56 1B5E 


BCTELW TCS0 


1772 1F58 190R 

TCS4 

BCTR..GT TCS5 

DETERMINE POLFPITV 

1773 lF5fi 08E1 


LODR..R0 ^'TCSlO+l TEMP+1 GET UD CONDITIOfl 

1774 IFX E4DE 


COMLR0 H'DE' 

DOWN CONDITIWJ 

1775 1F5E 1874 


BCTR. EQ TCS35 

CANT GO DIRECT FRiOM DOWN TO UP 

1776 IF^ 073E 


LODL R3 H'lE' 

OUTPUT 'U' TO DISPLAY 

1777 1F62 1B54 


BCTEUN TCSl 


1778 1F64 07DE 

TCS5 

L0DI,R3 H'DE' 

OUTPUT 'D' TO DISFIAV 

1779 1F66 1850 


BCTR,UN TCSl 
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WW ffiSEMBLER ¥£R 2.« INSiaiCTCt M WSH HJiM f«3E 1037 

LW flDE* OBJECT I Wm 


1781 

1782 

1783 

1784 

1785 

1786 

1787 

1788 1F68 3F065B4F 
1F6C ^607^87 
1F78 7F6777FC; 
1F74 39i)E7971 

1789 

1798 

1791 

1792 tF78 73383ES0 
iF7C 765C4800 
1F88 iE40806E 
iF84 54 

1793 

1794 

1795 

1796 1F85 170E13O 
1F89 15131717 

1797 

1798 

1799 

1800 1F8E) 170fi0D16 
1F91 17171717 

1801 

1802 

1803 

1804 1F95 17140Eli 
iF99 11001717 

1805 

1806 

1807 

1808 1F9[> l?0Bi0i6 
IFfli 17171717 

1809 

1810 

1811 

1812 IFflS 17171317 
iFfl9 16171717 

1813 

1814 

1815 

1816 IFm 17108C16 
IFBl 17171717 

1817 

1818 

1819 

1820 IFB-S 17 W16 
1FB9 17171717 

1821 

1822 


* 

«HEKTffi LOiMP ffla.E F« tO TO SEVEN SEGiCNT 
* 

♦THIS TfiBLE COHTfllHS TS€ Vm.UES FOR LIFTING THE 
♦SEafNTS F* m OIGITS 0 THRU 9 f» LETTERS 0 TO F 
♦ 

SEGTBL MTfi H'3F,i6/m.4F, 66, e/m. 67/77, FC, 39, I€, m,?!' 


♦ 

♦SEGHENT DATA FOR SYMBOLS P L U R H 0 = BLANK J - . V N 
* 

CATA H'73,38,3E, 50,76,5C:, 48,08,0E, 46,88,6E, 54 


* 

♦THIS TABLE CONTAINS THE DISPLAV EI^OR 
♦ 

ERROR MTA H-17, BE-13,13,15,13,17,1?'’ 
* 

♦THIS TABLE CONTAINS THE DISPLAV AD= 

f- 

m DATA H'17, m 8D, 16,17,17,1?, 17' 

Ki 

♦THIS TABLE CONTAINS THE DISPLAV lELLO 
* 

HELLO DATA H'17,14,0L11,11,8@, 17,17' 
* 

♦THIS TABLE CCWAINS THE DISPLAV EP= 

* 

BPEO DATA H'17,0E:, 10,16,17,17,17,17' 
* 

♦THIS TAEIE CONTAINS THE DISPLAV R= 

if: 

m DATA H'17,17,13,17,16,17,17,17' 
* 

♦THIS TABLE DMAINS THE DISPLAV PC= 

PGEO DATA H'17,18, iC, 16,17,17,17,17' 

♦THIS TABLE OMAINS Ti€ DISPLAV F= 

* 

FES DATA H'17,17, 16,17,17,17,17' 

* 

♦THIS TABLE CONTAINS THE ©eW LAD= 
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THIN fiSSEMBLER VER 2. 8 INSTRUCTOR 58 PRGM 11/1/78 PftOE 8828 

LIIC ftDDR CeJECT E SOURCE 
1822 * 

1824 IFBD 11080016 LflDEQ D8T8 H'll,Cfl..0D,16..17,17,17,17'- 
IFCl 17171717 

1825 * 

1826 *THIS T8BLE IS Tl€ ASCII LOOK LP TABLE 

1827 * 

1828 1FC5 20212222 ASCII DATA A'8122456789RBi3)EF' 

1FC9 24252627 

IFCt' 28294142 
IFDl 42444546 

1829 * 
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TWIN fiSSENBLER VER 2. 0 INSTRUCTOR 56 PRijM ll/i/7S 


PAGE 0829 


Lire fiDDR OBJECT E SaiRCE 


1831 


1832 


1833 


1834 

*USER ENTRV TO DISPLRV ROUTINES 

1335 


1836 


1837 1F05 BEfE 

USRDSI ZBSR *I10V SET UP DISPLfiV 

1838 IFD? 03 

LODZ Ri GET DISPLRV FLR6 

1839 1FD8 BSEC 

ZBSR *DISPLV GO TO DISPLRV ROUTINE 

1840 IFDfl 17 

RETC. UN 
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PftGE 0940 


TWIN flSSBfLER VER 2. 8 INSTRLCTOR 58 PR6M 11/1/76 
LI« f»DR {®JECT E SaiRCE 
1842 

1845 IFDB ORG 8192-26 THE 2BSR OR ZBRR \€CTa?S ftR£ HERE 

1344 


1845 1FE6 1FD5 

USRDSP flCON 

USRDSI 

USER ENTRV TO DISFlflV ROUTIhJES 

1846 iFE8 1899 

ERR 

flCON 

ERRI 

ERROR r€SSfl(£ 

1847 IFEft 19E8 

BRKPT4 

flaiN 

BPi;PTI 

SET DISBIF6.7 WITH CffllTENTS OF R0 

1848 IFEC 1E12 

DISPLV 

fiCON 

DISPLI 

DISPLflV mo KEVBCffiD RATINE 

1849 IFEE 1EF6 

IN 

fiCW 

INN 

CASSETTE INPUT ROUTIfC 

1850 1FF0 lEBfi 

OUT 

RC:ON 

CtITT 

CflSETTE OUT PUT 

1851 1FF2 ICTB 

HOUT 

flCON 

HOUTT 

CASSETTE BINflRV TO ftSCII HEX OUTPUT 

1852 1FF4 1076 

DISLSD 

flCiON 

DISLSI 

CONVERT EVTE TO NIBBLE 

1855 1FF6 1805 

ROT 

ftcai 

ROTI 

ROTATE ft NIEFtE 

1854 1FF8 1C72 

CRLF 

flCON 

CRLFF 

CftRFfiGE RETURN AND LINE FEED 

1855 IFFfi 1858 

GNP 

flCON 

GNPI 

GET NUMBERS 

1856 IFFC 1820 

GNPfl 

flCON 

GNPfll 

GET NUMBERS AND DISPLflV 

1857 IFFE 1DB6 

MOV 

flCON 

MOVI 

MO'/E DATA TO DISEHF 

1858 





1859 1800 


END 

SflVRij 



TOTa flS^MBLV ERRORS = 8000 
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12. CONVERSION TABLES 

ASCII CONVERSION TABLE 


ASCII CHARACTER SET (7-BIT CODE) 


M.S. 

^HAR 

0 

1 

■1 

■1 

4 

H 

H 

7 

L.S. 

CHAR 


000 

001 

H 

HI 

100 

H 

H 

111 

0 

0000 

NUL 

DLE 

SP 

0 


p 


P 

1 

0001 

SOH 

DCl 

■ 

n 

B 

Q 

a 

q 

2 

0010 

STX 

DC 2 


2 

B 

R 

B 

B 

3 

0011 

ETX 

DC 3 

# 

3 

C 

S 

C 

S 

4 

0100 

EOT 

DC4 

$ 

4 

D 

B 

d 

t 

5 

0101 

ENQ 

NAK 

% 

5 

E 

u 

e 

u 

6 

0110 

ACK 

SYN 

St 

6 

F 

V 

f 

V 

7 

0111 

BEL 

ETB 

1 

Bi 

G 

w 

g 

w 

8 

1000 

BS 

CAN 

( 

8 

H 

X 

B 

X 

9 

1001 

HT 

EM 

) 

9 

I 

Y 

i 

y 

A 

1010 

LF 

SUB 

a 

• 

B 

Z 

B 

z 

B 

1011 

VT 

ESC 

+ 

# 

9 

K 

B 

B 

{ 

G 

1100 

FF 

FS 

■ 

< 

B 


B 


D 

1101 

CR 

GS 

- 

= 

M 

■■ 

m 

} 

I? 

Jlj 


so 

RS 

• 

> 

N 


n 

- 











F 


SI 

US 

/ 


0 

H 

o 

DEL 
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DECIMAL TO HEX CONVERSION TABLE 


HEXADECIMAL COLUMNS 

6 

5 

4 

3 

2 

1 

HEX=DEC 

HEX=DEC 

HEX=DEC 

HEX=DEC 

HEX 

=DEC 

HEX 

=DEC 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



1 

1,048,576 

1 

65,536 

1 

4,096 

1 

256 

1 

16 



2 

2,097,152 

2 

131,072 

2 

8,192 

2 

512 

2 

32 



3 

3,145,728 

3 

196,608 

3 

12,288 

3 

768 

3 

48 



4 

4,194,304 

4 

262,144 

4 

16,384 

4 

1,024 

4 

64 



5 

5,242,880 

5 

327,680 

5 

20,480 

5 

1,280 

5 

80 



6 

6,291,456 

6 

393,216 

6 

24,576 

6 

1,536 

6 

96 



7 

7,340,032 

7 

458,752 

7 

28,672 

7 

1,792 

7 

112 



8 

8,388,608 

8 

524,288 

8 

32,768 

8 

2,048 

8 

128 

8 

8 

9 

9,437,184 

9 

589,824 

9 

36,864 

9 

2,304 

9 

144 

9 

9 

A 

10,485,760 

A 

655,360 

A 

40,960 

A 

2,560 

A 

160 

A 


B 

11,534,336 

B 

720,896 

B 

45,056 

B 

2,816 

B 

176 

B 

11 

C 

12,582,912 

C 

786,432 

C 

49,152 

C 

3,072 

C 

192 

C 

12 

D 

13,631,488 

D 

851,968 

D 

53,248 

D 

3,328 

D 

208 

D 

13 

E 

14,680,064 

E 

917,504 

E 

57,344 

E 

3,584 

E 

224 

E 

14 

F 

15,728,640 

F 

983,040 

F 

61,440 

F 

3,840 

F 

240 

F 

15 
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13. GLOSSARY 


This chapter contains definitions of terms unique to microprocessors and micro¬ 
computers. Definitions used are common to the industry where such definitions 
exist. Other definitions were specially written for this glossary. 
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ABSOLUTE ADDRESS 

The actual address of a memory location, as opposed to a relative address 
which may not be determined until it is used during the execution of an in¬ 
struction. 

ACCESS TIME 

The time interval between the instant that data is called from or delivered to 
a storage device and the instant the requested retrieval or storage is com¬ 
plete. 

Time between the instant that an address is sent to a memory and the instant 
that data returns. Since the access time to different locations (addresses) 
of the memory may be different, the access time specified in a memory device 
is the path that takes the longest time. 

ACCUMULATOR 

A register of the Arithmetic Logic Unit (ALU) of a central processor used as 
intermediate storage during the formation of algebraic sums, or for other in¬ 
termediate logical and arithmetic operations. 

Register and related circuitry that holds one operand for arithmetic and logi¬ 
cal operations. 

ADDRESS 

A unique lable, name, or number that identifies a memory location or a device 
register for access by a computer. 

A number used by the CPU to specify a location in memory. 

ADDRESS FIELD 

That portion of a computer word containing either the address of the operand 
or the information necessary to derive that address. 

ALGORITHM 

A prescribed set of well-defined rules or processes for the solution of a pro¬ 
blem. Algorithms are implemented on a computer by a programmed sequence of 
instructions. 

ADDRESSING MODES 

See MEMORY ADDRESSING MODES. 
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ARRAY 

A named group of related variables or constants. Also referred to as a table 
or list. An index is used in combination with the array name to access indi¬ 
vidual variables or constants in the array. Items in the array may be located 
in consecutive memory locations or they may be linked. 

ARCHITECTURE 

Organizational structure of a computing system mainly referring to the CPU or 
microprocessor. 

ARGUMENT 

The independent variable of a function. Arguments can be passed as part of a 
subroutine call where they would be used in that subroutine. 

ASCII CODE 

The acronym for American Standard Code for Information Interchange. This 
standardized code is used extensively in data transmission. The code includes 
128 upper and lower case letters, numerals, and special-purpose symbols each 
encoded by a unique 7-bit binary number. 

ASSEMBLER 

A computer program which converts a symbolic assembly language program into an 
executable object (binary-coded) program. Depending on the assembler, the 
machine language program produced can be structured to occupy a set of loca¬ 
tions in system memory by adding a given value (offset) to each assembled ad¬ 
dress . 

ASSEMBLY LANGUAGE 

A human oriented S 3 rmbolic-mnemonic source language which is used by the pro¬ 
grammer to encode programs and associated data bases. Assembly language pro¬ 
grams are read by the assembler and converted to executable machine language 
programs during the assembly processes. Assembly language is easier to remem¬ 
ber and manipulate than machine language. 

BAUD RATE 

Synonymous with signal events (bits)-per-second and used as a measure of se¬ 
rial data flow between a computer and/or communication devices. 
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BIDIRECTIONAL 

Refers to a type of bus structure where a single conductor is used to transmit 
data or signals in either direction between a peripheral device and a central 
processor or memory. 

BINARY NUMBER SYSTEM 

A number system having 2 as its base and expressing all quantities by the num¬ 
erals 0 and 1. As in the decimal system, the value of binary digits is posi¬ 
tionally weighted from right to left by ascending powers of the base. The 
two-state character of the binary number system makes it especially suitable 
for the digital computer which operates most conveniently on a bistable basis. 

BISTABLE LATCH 

A rudimentary flip-flop which can be enabled to store a logical one or a logi¬ 
cal zero. One bistable latch device is commonly used in memory and register 
circuits for the storage of each bit. 

BIT 

A minimum logic element. A binary number of either 0 or 1. A bit is the 
smallest unit of imformation in a binary system of notation. It is the choice 
between two possible states, usually designated one (1) and zero(O). 

BIT PARALLEL 

A method of simultaneously moving or transferring all bits in a contiguous set 
of bits over seperate wires, one wire for each bit in the set. 

BIT SERIAL 

Refers to a method of sequentially moving or transferring a contiguous set of 
bits one at a time over a single wire, according to a fixed sequence. 

BLOCK 

A group of consecutive words, characters, or bits which are handled as a sin¬ 
gle unit, particularly with respect to input-output operations. 

BLOCK DIAGRAM 

A chart which graphically depicts the functional relationships of hardware 
making up a system. The block diagram serves to indicate the various data and 
control signal paths between functional units of the system hardware. 
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BOOTSTRAP 

A short sequence of instructions used for loading system memory with a larger, 
more sophisticated loader of system programs. Bootstrap programs are often 
hardwired in a reserved section of a computer system memory which, when enter¬ 
ed, will operate a device such as a paper tape reader to load the system. 

BRANCH 

An instruction which, when executed, can cause the computer's arithmetic and 
control unit to obtain the next instruction to be executed from a location 
other than the next sequential location. A. branch can be unconditional or 
conditional based on the magnitude or state of some value. Branch is synony¬ 
mous with jump. 

BREAKPOINT 

A location in a program at which execution of that program can be halted to 
permit visual check, printing out, or other performance analysis. 

BUS 

A circuit or group of circuits which provide a communication path between two 
or more devices, such as between a central processor, memory, and peripherals. 

BUS DRIVER 

A circuit which amplifies a bus data or control signal sufficiently to assure 
valid receipt of that signal at the destination. 

BYTE 

A set of contiguous binary bits, usually eight, which are operated on as a 
unit. A byte can also be a subset of a computer word. 

CARRY 

In arithmetic operations, the transfer of a value from a lower order position 
to the next higher position as a result of the lower order digit having equal¬ 
ed or exceeded the base of the number system involved. 

CENTRAL PROCESSING UNIT 

A typical microprocessor incorporates a central processing unit (CPU), a me¬ 
mory and Input/Output ports. The CPU reads instructions from the program 
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memory in a logical determined sequence and uses them to initiate processor 
actions. To perform these functions, a CPU must incorporate registers, an 
arithmetic/logic unit (ALU) and central circuitry. Registers, temporary stor- 
age units inside the CPU, differ in their functional capabilities. Some, like 
the program counter and instruction registers, serve dedicated applications; 
others, like the accumulator, serve general-purpose functions. 

An accumulator usually stores one of the operands manipulated by the ALU. A 
typical instruction could direct the ALU to add another register's contents to 
those of the accumulator and store the results in the accumulator. In gen¬ 
eral, the accumulator serves both as a source and destination register. In 
addition to the accumulator, the CPU may contain additional general-purpose 
registers that programmers can use to store source or intermediate "scratch¬ 
pad” data. 

CHARACTER 

A letter, digit, or other S 3 nnbol that is used as part of the organization, 
control, or representation of data. A character is often in the form of a 
spatial arrangement of adjacent or connected strokes. 

CLOCK 

A pulse generator which generates basic timing signals to which all system 
operations are synchronized. 

CONDITIONAL JUMP 

An instruction causing a program transfer to an instruction location other 
than the next sequential instruction only if a specific condition tested by 
the instruction is satisfied. If the condition is not satisfied, the next 
sequential instruction in the program line is executed. 

CONSTANT 

A data item which does not change during program execution. Program constants 
can be symbolically defined in 2650 assembly language with the EQU, DATA and 
ACON statements. 

CONTROL CHARACTER 

A character whose occurrence in a particular context initiates, modifies, or 
halts operation. 
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CONTROL STATEMENT 

A program statement (instruction) which is used to direct the flow of the pro¬ 
gram either causing an unconditional transfer or making a transfer dependent 
upon meeting a certain specified condition. Branch instructions in the 2650 
are control statements. 

CYCLE STEALING 

A characteristic of Direct Memory Access (DMA) channels. An I/O device can 
delay CPU use of the I/O bus for one or more bus cycles while it accesses sys¬ 
tem memory. 

CYCLE TIME 

The time required by a computer to read from or write into the system memory. 
If system memory is core, the read cycle time includes a write after read 
(restore) subcycle. Cycle time is often used as a measure of computer perfor¬ 
mance, since this is a measure of the time required to fetch an instruction. 

DATA BUFFER REGISTER 

A temporary storage register in a CPU or peripheral device capable of receiv¬ 
ing or transmitting data at different I/O rates. Data buffer registers are 
generally positioned between the computer and slower system components, allow¬ 
ing data to flow at the computer’s I/O rate. 

DEBUG PROGRAMS 

Debug programs help the programmer to find errors in his programs while they 
are running on the computer, and allow him to replace or patch instructions 
into (or out of) his program. 

DECODER 

A logic device which converts data from one number system to another; e.g., an 
octal-to-decimal decoder. Decoders are also used to recognize unique address¬ 
es, such as a device address and bit patterns. 

DECREMENT 

To reduce the numerical contents of a counter. A decrement of one is usually 
assumed unless specified otherwise. 
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DEFERRED ADDRESSING 

An indirect addressing mode in which the directly addressed location contains 
the address of the operand, rather than the operand itself. 

DIAGNOSTIC PROGRAM(S) 

A troubleshooting aid for locating hardware malfunctions in a system or a pro¬ 
gram to aid in locating coding errors in newly developed programs. These pro¬ 
grams check the various hardware parts of a system for proper operation; CPU 
diagnostics check the CPU, memory diagnositcs check the memory, and so forth. 

DIRECT ADDRESSING 

1) An addressing mode in which the contents of the addressed location is the 
operand. 2) The address of an instruction or operand is completely specified 
in an instruction without reference to a base register or index register. 

DIRECT MEMiRY ACCESS (DMA) 

A method of transferring blocks of data directly between an external device 
and system memory without the need for CPU intervention. This method signi¬ 
ficantly increases the data transfer rate, hence system efficiency. (see 
Cycle Stealing.) 

DOUBLE OPERAND 

An instruction type containing two address fields, source operand address 
field, and destination operand address field. 

DOUBLE-PRECISION ARITHMETIC 

Refers to a method of performing arithmetic operations in which two computer 
words are used to represent a single number, effectively doubling the data 
word size. 

EDITOR 

1) A program which permits a user to create new files in symbolic form or 
modify existing files. 2) As an aid in preparing source programs, certain 
programs have been developed that manipulate text material. These programs, 
called editors, text editors, or paper tape editors, make it possible to com¬ 
pose assembly language programs on-line, or on a stand-alone system. 
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EMULATOR 

A program or a hardware device which duplicates the instruction set of one 
computer on a different computer, allowing program development for the emulat¬ 
ed computer without that computer being available. 

EXECUTE 

To perform a specified computer instruction. To run a program. 

FETCH 

1) The action of obtaining an instruction from a stored program and decoding 
that instruction. Also refers to that portion of a computer's instruction cy¬ 
cle when that action is performed. 2) A process of addressing the memory and 
reading into the CPU the information word, or byte, stored at the addressed 
location. Most often, fetch refers to the reading out of an instruction from 
the memory. 

FIFO 

First In, First Out method of storing and retrieving items from a stack, table 
or list. 

FILE 

A collection of related records treated as a unit. In a computer system, a 
file can exist on cassette tape, disk, punched paper tape, punched cards, or 
as an accumulation of information in a system memory. A file can contain 
data, programs, or both. 

FIRMWARE 
See SOFTWARE. 

FIXED-INSTRUCTION COMPUTER 

(Stored-Instruction Computer): The instruction set of a computer is fixed by 
the manufacturer. The users will design application programs using this in¬ 
struction set (in contrast to the micro-programmable computer for which the 
users may design their own instruction set and thus customize the computer for 
their needs.) 

FIXED-POINT ARITHMETIC 

Arithmetic in which the binary point that separates the integer and 
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£tmtimi£L "pwttmm acaierit^al expressions is either explicitly stated for 
all expressi'Ofts or is fixed with respect to the first or last digit of each 
express!00% 


FLAG 

An indicator, usually a single binary bit, whose state is used to inform a 
later section of a program that a condition, identified with the flag and 
designated by the state of the flag, has occurred. A flag can be both soft¬ 
ware and hardware implemented. 

FLAG LINES 

Inputs to a microprocessor controlled by I/O devices and tested by branch in¬ 
structions. 

FLOATING-POINT ARITHMETIC 

Arithmetic in which the location of the decimal point for each number in an 
arithmetic operation is defined as a power of ten and all exponents are 
equalized prior to the operation. The major advantages of floating point 
arithmetic are that it extends the calculation capability of a coTiq>uter beyond 
the limit imposed by the fixed word length and that it contributes to ease of 
programming. 

FLOWCHART 

A graphical representation of the processing steps performed by a computer 
program or of the sequence of logic operations implemented in hardware. 

GENERAL REGISTER 

One of a specified number of internal addressable registers in a CPU which can 
be used for temporary storage, as an accumulator, an index register, a stack 
pointer or for any other general-^purpose function. 


HANUSHAKING 

Refers to the required sequence of signals for communication between system 
functions. The I/O bus protocol for a system defines its handshaking require¬ 
ments. (This is especially true for asynchronous I/O systems in which each 
signal requires a response (reply) to complete an I/O operation). 
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HARD-WIRED LOGIC 

A group of logic circuits permanently interconnected to perform a specific 
function—permanently assigned device address, memory bank assignments, and 
interrupt vector addresses. 

HEXADECIMAL 

A number system using 0, 1, .. A, B, C, D, E, F to represent all the pos¬ 

sible values of a 4-bit digit. The decimal equivalent is 0 to 15. Two hexa¬ 
decimal digits can be used to specify a byte. 

HIGH-LEVEL LANGUAGE 

Programming language that generates machine codes from problem or function- 
oriented statements. FORTRAN, COBOL, and BASIC are three commonly used high- 
level languages. A single functional statement may translate into a series of 
instructions or subroutines in machine language, in contrast to a low- 
level(assembly) language in which statements translate on a one-for-one basis. 

I/O HANDLERS 

Input/Output handlers, sometimes called device drivers, are subroutines that 
service specific peripheral devices such as teletypewriters and card readers. 
They help prevent ’*reinvention of the wheel” every time a programmer wants to 
use a standard peripheral. 

I/O PORT 

A connection to a CPU that is configured (or programmed) to provide a data 
path between the CPU and external devices, such as a keyboard, display panel, 
audio cassette recorder, etc. An I/O port of a microprocessor may be an input 
or an output port, or it may be bidirectional. 

IMMEDIATE ADDRESSING 

The method of addressing an instruction in which the operand is located in the 
instruction itself or in the memory location immediately following the in¬ 
struction. 

IMMEDIATE DATA 

Data that immediately follows an instruction in memory and is used as an oper¬ 
and by that instruction. 
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INDEX JREGISTER 

A register that contains a quantity which may be used to modify memory address, 

INDEXED ADDRESSING 

An addressing mode in which the address part of an instruction is modified by 
the contents in an auxiliary (index) register during the execution of that in¬ 
struction. 

INDIRECT ADDRESSING 

A means of addressing in which the address of the operand is specified by an 
auxiliary register or memory location specified by the instruction rather than 
by bits in the instruction itself. 

INPUT-OUTPUT (I/O) 

General term for the equipment used to communicate with a computer CPU, or the 
data involved in that communication. 

INSTRUCTION 

A set of bits that defines a computer operation, and is a basic command under¬ 
stood by the CPU. It may move data, do arithmetic and logic functions, con¬ 
trol I/O devices, or make decisions as to which instruction to execute next. 

INSTRUCTION CYCLE 

The process of fetching an instruction from memory and executing it. 

INSTRUCTION LENGTH 

The number of words needed to store an instruction. It is one word in most 
computers, but will use multiple words to form one instruction. Multiple-word 
instructions have different instruction execution times depending on the 
length of the instruction. 

INSTRUCTION REPERTOIRE 
See INSTRUCTION SET. 

INSTRUCTION SET 

The set of general-purpose instructions available with a given computer. In 
general, different machines have different instruction sets. The number of 


13-12 



instructions only partially indicates the quality of an instruction set. Some 
instructions may only be slightly different from one another; others rarely 
may be used. 

INSTRUCTION TIME 

The time required to fetch an instruction from memory and then execute it. 

INTERPRETER 

A program that fetches and executes "instructions” (pseudo instructions) 
written in a higher-level language. The higher-level language program is a 
pseudo program. Contrast with compiler. 

INTERRUPT 

An interrupt involves the suspension of the normal programming routine of a 
microprocessor in order to handle a sudden request for service. The import¬ 
ance of the interrupt capability of a microprocessor depends on the kind of 
applications to which it will be exposed. Nhen a number of peripheral devices 
interface the microprocessor, one or several simultaneous interrupts may occur 
on a frequent basis. Multiple interrupt requests require the processor to be 
able to accomplish the following: to delay or prevent further interrupts; to 
break into an interrupt in order to handle a more urgent interrupt; to establ¬ 
ish a method of interrupt priorities; and, after completion of interrupt ser¬ 
vice, to resume the interrupted program from the point where it was inter¬ 
rupted. 

INTERRUPT MASK 

(Interrupt Enable); A mechanism that allows the program to specify whether or 
not interrupt requests will be accepted. 

INTERRUPT REQUEST 

A signal to the computer that temporarily suspends the normal sequence of a 
routine and transfers control to a special routine. Operation can be resumed 
from this point later. Ability to handle interrupts is very useful in com¬ 
munication applications where it allows the microprocessor to service many 
channels. 

INTERRUPT SERVICE ROUTINE 

A routine (program) to properly store away to the stack the present status of 
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the machine in order to respond to an interrupt request; perform the "real 
work*’ required by the interrupt; restore the saved status of the machine; and 
then resume the operation of the interrupted program. 

INTERRUPT VECTOR 

Typically, two memory locations assigned to an interrupting device and con¬ 
taining the starting address and processor status word for its service routine. 

JUMP 

1) An instruction which, when executed, can cause the computer to fetch the 
next instruction to be executed from a location other than the next sequential 
location. Synonymous with branch. 2) A departure from the normal one-step 
incrementing of the program counter. By forcing a new value (address) into 
the program counter, the next instruction can be fetched from an arbitrary 
location (either further ahead or back). For example, a program jump can be 
used to go from the main program to a subroutine, from a subroutine back to 
the main program, or from the end of a short routine back to the beginning of 
the same routine to form a loop. See also BRANCH INSTRUCTION. If you reached 
this point from branch, you have executed a jump. Now return. 

LIFO 

Last-In, First-Out method of storing and retrieving data in a stack, table or 
list. 

LOADERS 

The various applications (user written) programs must be placed in the proper 
locations of the system memory. The Programs that do this job are called 

loaders. Loader programs range from simple ones that load absolute binary ob¬ 

ject code with no error detection, to sophisticated loaders that load relocat¬ 
able binary object code, resolve global (between Program) symbolic label link¬ 
ages, perform error detection, and execute various commands, including start¬ 
ing the program just loaded. 

LOOP 

A self-contained series of instructions in which the last instruction can 

cause repetition of the series until a terminal condition is reached. Branch 
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instructions are used to test the conditions in the loop to determine if the 
loop should be continued or terminated, 

MACHINE CYCLE 

The basic CPU cycle. In one machine cycle an address may be sent to memory 
and one word (data or instruction) read or written, or, in one machine cycle a 
fetched instruction can be executed, 

MACHINE LANGUAGE 

The numeric form of specifying instructions ready for loading into memory and 
execution by the machine. This is the lowest level language in which to write 
programs. The value of every bit in every instruction in the program must be 
specified (e.g., by giving a string of binary, octal, or hexadecimal digits 
for the contents of each word in memory). 

MEMORY 

A general term which refers to any storage media for binary data. Basic mem¬ 
ory functional types include read/write and read-only. 

That part of a computer that holds data and instructions. Each instruction or 
datum is assigned a unique address that is used by the CPU when fetching or 
storing the information. 

MEMORY ADDRESS REGISTER 

The CPU register that holds the address of the memory location being accessed. 

MEMORY ADDRESSING MODES 

The method of specifying the memory location of an operand. Common addressing 
modes are: direct, immediate, relative, indexed, and indirect. These modes 
are important factors in program efficiency. 

MEMORY CYCLE 

The operations required for addressing, reading, writing, and/or reading and 
writing data in memory. 

MEMORY MAP 

A listing of addresses or symbolic representations of addresses which define 
the boundaries of the memory address space occupied by a program or a series 
of programs. Memory maps can be produced by a high-level language such as 
FORTRAN. 
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MICROCODE 

A set of control functions performed by the instruction decoding and execution 
logic of a computer which defines the instruction repertoire of that com¬ 
puter. Microcode is not generally accessible by the programmer. 

MICROCOMPUTER 

A class of computer having all major central processor functions contained on 
a single printed circuit board constituting a stand-alone module. Microcom¬ 
puters are typically implemented by a small number of LSI circuits and are 
characterized by a word size not exceeding 16 bits, and very low cost, usually 
under $1,000. A computer whose CPU is a microprocessor. A microcomputer is 
an entire system with microprocessor, memory, and input-output controllers. 

MICROPROGRAM 

A combination of primitive computer operations which are executed in parallel 
and/or serial and which accomplish the execution of one programming level in¬ 
struction. The instruction sets of computers may be hardwired or they may be 
microprogrammed. Microprogramming takes place at a level of abstraction below 
the programming level. The essential difference between the two levels is 
that at the programming level computers are represented as sequential devices 
whereas at the microprogramming level operations take place in parallel and 
many components are active simultaneously. 

MICROPROCESSOR 

A single LSI circuit which performs the functions of a CPU. Some characteris¬ 
tics of a microprocessor include small size, inclusion in a single integrated 
circuit or a set of integrated circuits, and low cost. 

Frequently called **a computer on a chip," the microprocessor is, in reality, a 
set of one, or a few, LSI circuits capable of performing the essential func¬ 
tions of a computer CPU. 

MNEMONIC CODE 

Computer instructions written in brief, easy-to-learn, symbolic or abbreviated 
form. Mnemonic code is also recognizable by the assembly program. For exam¬ 
ple, ADD, SUB, CLR, and MOV are mnemonic codes for instructions which will be 
executed as machine code. 
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MONITOR PROGRAMS 

Monitor programs (also called supervisors, executives, and operating systems) 
enable you to communicate with all of the system hardware and software. They 
allocate available resources as efficiently as possible, and range from simple 
microcomputer monitors to complex time-sharing systems. 

NESTING 

A programming technique in which a segment of a larger program is executed 
iteratively (looping) until a specific data condition is detected, or until a 
predetermined number of interactions has been performed. The nesting techni¬ 
que allows a program segment to be nested within a larger segment and that 
segment to be nested within an even larger segment. 

NIBBLE 

A sequence of 4 bits operated upon as a unit. Also see byte. 

NOP 

Contraction of No Operation. An instruction which specifically instructs the 
computer to do nothing for one cycle, and then to get the next instruction. 

OBJECT PROGRAM 

The binary form of a source program produced by an assembler or a compiler. 
The object program is composed of machine-coded instructions that the computer 
can execute. 

OPERAND 

Any of the quantities arising out of or resulting from the execution of a com¬ 
puter instruction. An operand can be an argument, a result of computation, a 
constant, a parameter, the address of any of these quantities, or the next in¬ 
struction to be executed. The field of an assembly language or machine in¬ 
struction which specifies the data to be operated on. 

OPERATION CODE (OP-CODE) 

That part of a computer instruction word which designates the function per¬ 
formed by a given instruction. For example, the op-codes for arithmetic in¬ 
structions include ADD, SUB, DIV, and MUL. 
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OVERFLOW 

A condition occurring in a computer when the results of a mathematical opera¬ 
tion produces a result which has a magnitude exceeding the capacity of the 
computer’s data word size. 

PAGE 

A natural grouping of memory locations by higher-order address bit. In an 8- 
bit microprocessor, 256 consecutive bytes often may constitute a page. Words 
on the same page only differ in the lower-order 8 address bits. 

PAGE ZERO 

The memory page that includes the lowest numbered memory addresses. 

PARITY CHECK 

A method of checking the correctness of binary data after that data has been 
transferred from or to storage. An additional bit, called the parity bit, is 
appended to the binary word or character to be transferred. The parity bit is 
the single-digit sum of all the binary digits in the word or character and its 
logical state can be assigned to represent either an even or an odd number of 
Is making up the binary word. Parity is checked in the same manner in which 
it is generated. 

PERIPHERAL DEVICE 

A general term designating various kinds of machines which operate in combina¬ 
tion or conjunction with a computer but are not physically part of the comput¬ 
er. Peripheral devices typically display computer data, store data from the 
computer and return the data to the computer on demand, prepare data for human 
use, or acquire data from a source and convert it to a form usable by a com¬ 
puter. Peripheral devices include printers, keyboards, graphic display termi¬ 
nals, paper tape reader/punches, analog-to-digital converters, audio cassette 
tape recorders, etc. 

POINTER 

Registers in the CPU that contain memory addresses. See PROGRAM COUNTER. 
POINTER ADDRESS MODE 

The pointer consists of one or two internal registers that must be set with 
the desired address before an instruction referring to memory is called. This 
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mode is not unlike indirect addressing except that it uses registers rather 
than main memory, and it requires more time because the pointer must be set 
with separate instructions, such as load immediate or increment. 

PROGRAM 

A complete sequence of computer instructions necessary to solve a specific 
problem, perform a specific action, or respond to external stimuli in a pre¬ 
scribed manner. As a verb, it means to develop a program. 

PROGRA^f COUNTER 

A CPU register that specifies the address of the next instruction to be fetch¬ 
ed and executed. Normally it is incremented automatically each time an in¬ 
struction is fetched. 

A register that holds the identification of the next instruction. 

PROGRAM STATUS WORD (PSW) 

A special-purpose register within the 2650 processor that contains status and 
control bits. It is 16 bits long and is divided into two bytes called Program 
Status Upper (PSU) and the Program Status Lower (PSL). 

PSEUDO INSTRUCTION 

A symbolic statement meaningful only to the program containing it, rather than 
to the computer as a machine instruction. 

PUSH-DOWN STACK 

Dedicated consecutive temporary storage registers in a computer, sometimes 
part of system memory, structured so that the data items retrieved are the 
most recent items stored in the stack. 

RANDOM ACCESS 

Accessibility of data is effectively independent of the location of the data. 

READ 

The Process of transferring information from an input device into the com¬ 
puter. Also, the process of taking information out of the computer's memory. 
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READ-liRITE CYCLE 

The sequence of operations required to read and write (restore) memory data* 
REGISTER 

1) A temporary storage unit which can be implemented as a hardware device or 
as a software structure and used to store data for manipulation and/or pro- 
cessing reference. Typically, a register consists of a single computer word 
or a portion of a word. 2) A fast-access circuit used to store bits or words 
in a CPU. Registers play a key role in CPU operations. In most applications, 
the efficiency of programs is related to the number of registers. 

REGISTER ADDRESS MODE 

Access to a general-purpose register can be achieved by citing the name of the 
register in the instruction. 

REGISTERS 

An array of hardware binary circuits (flip-flops, toggles) for temporary stor¬ 
age of information. Registers can be wired for operation to allow flexible 
control of the contained information; that is, for arithmetic operations, 
shifts, transfers. The nature of the data determines whether the register is 
an index, pointer, program counter, flag, or temporary register. 

RELATIVE ADDRESS 

1) An address of a machine instruction which is referred to an origin ad¬ 
dress. For example, consider the relative address 15 which is translated into 
the absolute address origin R + 15, where R^/is, typically, the contents of the 
PC register. Relative addressing allows the generation of position-indepen¬ 
dent code. 2) The number that specifies the difference between the actual 
address and a base address. 

RELATIVE ADDRESSING 

The address of the data referred to is the address given in the instruction 
plus some other number. The ’’other number” can be the address of the instruc¬ 
tion, the address of the first location of the current memory page, or a num¬ 
ber stored in a register. Relative addresssng permits the machine to relocate 
a program or block of data by changing only one number. 
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RELOCATABLE 

Object programs that can reside in any part of system memory. The actual 
starting address is established at load time by adding a relocation offset to 
the starting address. Relocatable code is typically composed of position-in- 
dependent code. 

RELOCATABLE PROGRAMS 

Programs having S3nnbolic rather than absolute addresses. 

ROUTINE 

A program or program segment designed to accomplish a single function. 

SCRATCHPAD MEMORY 

Scratchpad memory usually designates an area of memory used for many quick 
data transfers. It is the most frequently used memory segment. Some micro¬ 
processors have simplified instructions that can only be used in a certain 
small part of the memory (say, the first 256 bytes), where the most-signifi¬ 
cant byte of the address is zero. The scratchpad is usually placed in such 
a location. 

SERIAL I/O 

A method of data transfer between a computer and a peripheral device in which 
data is transmitted for input to the computer (or output to the device) bit by 
bit over a single circuit. 

SERVICE ROUTINE 

A set of instructions to perform a programmed operation, typically in response 
to an interrupt 

SET 

A signal condition representing a binary ”one." 

SHIFT REGISTER 

A register in which binary data bits are moved as a contiguous group a pre¬ 
scribed number of positions to the right or to the left. 

SIMULATOR, SOFTWARE 

Program written to run on computer *A* but which simulates the execution of 
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instructions of computer *B*. Allows debbugging and verification of computer 
software. 

Software simulators are sometimes used in the debug process to simulate the 
execution of machine-language programs using another computer (ofter a time¬ 
sharing system). These simulators are especially useful if the actual com¬ 
puter is not available. They may facilitate the debugging by providing access 
to internal registers of the CPU which are not brought out to external pins in 
the hardware. 


SINGLE LEVEL INTERRUPT 

The interrupt signal causes transfer of control to a pre-assigned memory loca¬ 
tion at which the interrupt processing routine starts. The program must poll 
all possible sources of interrupt to determine which one requires service. 

SINGLE LEVEL VECTOR INTERRUPT 

The interrupt signal causes the microprocessor to interrogate the vector (V2, 
VI, VO), which specifies an address to which the program jumps to find the 
appropriate service subroutine. Each possible source of interrupt can be as¬ 
signed a different service subroutine. Vector interrupt eliminates the need 
for polling. 

SINGLE-OPERAND INSTRUCTION 

An instruction containing a reference to one register, memory location, or de¬ 
vice. 


SKIP 

An instruction which causes the computer to omit the instruction in the im¬ 
mediately following location. 


SOFTNARE/FIRMWARE 


The microprocessor is generally a stored program computer, with its 
of programs and instructional procedures referred to as Software, 
by directing the hardware, enables the microprocessor to perform a 
system related task. In a fixed instruction microprocessor, a set 
instructions of operations are defined with fixed word lengths, and 
ercise the CPU independent of the data. Software is alterable and 
by the user. 

Firmware can be considered an extension to a computer's basic 
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repertoire that creates microprograms for a software instruction set. This 
extension to the basic instruction set is often permanently burned into Head 
Only Memory (ROM), rather than being implemented in software. Firmware pro¬ 
grams may be composed of instructions of variable width; the number of in¬ 
structions in a Firmware program is generally smaller than in a Software pro¬ 
gram, although the instructions are usually much wider. A Firmware program 
can be used to implement a Software instruction set; this occurs in the emula¬ 
tion of larger minicomputers by bit slice microprocessors. 

SORT 

A function performed by a program, usually part of a utility package; items in 
a data file are arranged or rearranged in a logical sequence designated by a 
key word or field in each item in the file. 

SOURCE ADDRESS 

In computer systems having a source-destination architecture, the 
dress is the address of the device address or memory location from 
is being transferred. 

SOURCE PROGRAM 

A program coded in other than machine language (in assembly or compiler langu¬ 
age) that must be translated into machine language for use. Assembly and com¬ 
piler language programs are human readable whereas object programs are machine 
readable. 

STACK 

1) A dynamic, sequential data list, usually contained in system memory, hav¬ 
ing special provisions for program access from one end or the other. Storage 
and retrieval of data from the stack is generally performed by the processor 
automatically. 2) A sequence of registers and/or memory locations used in 
Last In, First Out (LIFO) fashion. A stack pointer specifies the last-in en¬ 
try (or where the next-in entry will go). 

STACK POINTER 

The stack pointer is coordinated with the storing and retrieval of information 
in the stack. The stack pointer is decremented by one immediately following 
the storage in the stack of each byte of information. Conversely, the stack 
pointer is incremented by one immediately before retrieving each byte of 
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information from the stack. The stack pointer may be manipulated for trans¬ 
ferring its contents to the index register or vice versa. 

STACK, SUBROUTINE LINKAGE 

One-dimensional array or registers used specifically for storing subroutine 
return addresses. 

STARTING ADDRESS 

The address of a memory location in which is stored the first instruction of a 
given program. 

STATEMENT 

An instruction in any computer-related language. 

STATUS CODES (CONDITION CODES) 

Indicators used to record the resulting condition of data in the accumulator. 
Four control bits are set as a result of each arithmetic and logical opera¬ 
tion: carry flip-flop (C), sign flip-flop(s), and parity flip-flop (P). The 

carry bit provides a means of performing multiple precision binary arithmetic. 

STRING 

A connected sequence of entities. 

SUBROUTINE 

1) A short program segment which performs a specific function and is avail¬ 
able for general use by other programs and routines. 2) A subprogram (group 
of instructions) reached from more than one place in a main program. The pro¬ 
cess of passing control from the main program to a subroutine is a subroutine 
call, and the mechanism is a subroutine linkage. Often data or data addresses 
are made available by the main program to the subroutine. The process of re¬ 
turning control from subroutine to main program is subroutine return. The 
linkage automatically returns control to the original position in the main 
program or to another subroutine. 3) Programming technique that allows the 
same instruction sequence or subprogram to be given control and used repeated¬ 
ly by other sections of the program. 
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SYMBOL TABLE 

A table in which symbols and their corresponding values are recorded. 

SYMBOLIC ADDRESS 

A label assigned instead of absolute numeric addresses, usually for purposes 
of relocation. 

TRAP 

A CPU-initiated interrupt which is automatically generated when a predetermin¬ 
ed condition, such as an illegal instruction, a breakpoint, a specified error, 
or a power failure is detected. Two vector locations are dedicated for each 
trap type. The vector locations contain the PC and PS for the service routine. 

TEMPORARY STORAGE 

Memory locations or registers reserved for immediate and partial results ob¬ 
tained during the execution of a program. 

TWO'S COMPLEMENT 

A two's complement number is obtained electronically by inverting the 
of all bits in the number and adding one (complement and increment), 
complement arithmetic is widely used in microprocessors. 

UTILITY ROUTINE 

A standard routine, usually part of a larger software package, which performs 
a service and/or program maintenance function, such as file maintenance, file 
storage and retrieval, media conversions, and production of memory and file 
printouts. 

VARIABLE 

A named memory (RAM) location which is given some consistent and meaningful 
interpretation by the programmer and which will contain different data values 
during the execution of the program. A variable may contain a boolean, in¬ 
teger, floating point, ASCII, etc. value. The type of data stored in each 
variable should remain consistent throughout the execution of the program. 
RAM memory locations can be reserved for variables using the 2650 language RES 
statement. 
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VECTORED INTERRUPT 

This term is used to describe a microprocessor system in which each interrupt, 
both internal and external, have their own uniquely recognizable address. 
This enables the microprocessor to perform a set of specified operations which 
are preprogrammed by the user to handle each interrupt in a distinctively dif¬ 
ferent manner. 

WORD 

A set of binary bits handled by the computer as the primary unit of informa¬ 
tion. The length of a computer word is determined by the hardware design. 
Typically, each system memory location contains one word. 

WRITE 

The process of storing data in memory. 


13-26 




5ij|nBHB5 

a subsidiary of U.S. Philips Corporation 

Signetics Corporation 
RO. Box 9052 
811 East Argues Avenue 
Sunnyvale, California 94086 
Telephone 408/739-7700 


Printed in USA AUG 1979 



